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FOREWORD 

THE Buffalo Forge Company has always 
taken the stand that engineering- data 
and developments should not be 
hoarded as hidden treasures but should 
be made available for the use and edification 
of the engineering profession in general. 

In this volume we have laid stress on the 
principles underlying all the various steps in 
the determination of suitable apparatus to 
meet all conditions of heating, ventilating 
and humidifying. These principles have been 
proven by actual practice and are the ones 
used by our own engineers in the solution of 
problems of a similar nature. 

To the host of friends who gave our pre- 
vious Catalogs Nos 197 and 198 on Heating 
and Ventilating such a hearty reception we 
respectfully dedicate this volume. 

Renew our acquaintance by letting our 
engineers help you with any problems you 
may have in Heating, Ventilating and Humid- 
ifying. 

BUFFALO FORCE COMPANY 
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THE BUFFALO FAN SYSTEM 



OF 



Heating, Ventilating and Humidifying 



PART ONE 



Public Buildings 

IT has been within the last decade that the heating and ventilating art has come 
into its own. Many articles had been written on the subjeel and its impor- 
tance insisted upon in theory, but unfortunately theory and practice had 
taken diverging paths. Through the earnest endeavors of tin- leading engineers, 
architects and physicians practice has now been made to accord with theory. 

The following pages will serve not only to emphasize the importance of 
proper heating and ventilating but will describe such methods and apparatus as our 
engineers have used with great success in its attainment. 

Years ago when our methods of living and working followed the natural lines 
and modes, usually those of least resistance, no need lor ventilation other than by 
natural means was required. As our methods have become more artificial it has 
been found necessary to introduce artificial means to provide not only ventilation, 
but heating as well. 

The progress of heating can be followed step by step from the rude tire of twigs 
down through the open fire place, the wood stove, and finally to the present day 
heating with steam, hot water and hot air. The development of method- of ven- 
tilation has been somewhat slower. The day when the opening of a window was 
ample ventilation has long since passed, and today we have grown accustomed to 
artificial means, such as fans, to supply positive ventilation. 

Natural vs. Mechanical Ventilation 

However there are very often times when some city official will fly up in arms 
and declare that the old style ventilation, that of the open window, is bv far the 
best. It might be well at this point to give briefly the results obtained in a re< <ih 
test. Taking a modern school, one half was ventilated by purely natural mean-, 
whereas tlu- other half depended upon mechanical ventilation. Classes were con- 
ducted in the rooms under these conditions and observations taken at frequent 
regular intervals. 

It was intended that these tests should cover the greater portion of on.' school 
year in order that all weather conditions might be experienced. The attitude of 
the teacher- and pupils toward these tests was most favorable al the st,,rt and iii 
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many instances certain teachers and pupils made their own choice as to whether 
they should be in naturally or mechanically ventilated rooms. Before the md of 
two months it was found necessary to discontinue the tests, this being due to the 
fact that teachers and pupils could not work to advantage in the naturally venti- 
lated rooms and such stern objection developed that the tests could not be con- 
tinued. The chief objections to natural ventilation were summed up by the impar- 
tial observers as follows: 

1. "It was found impossible to keep the temperature and air motion con- 
ditions in the naturally ventilated rooms within the bounds of comfort. 

2. The absence, because of illness of both pupils and teachers, in naturally 
ventilated rooms increased to an alarming extent. 

3. The air in the naturally ventilated rooms was for the most part stag- 
nant and heavy which caused depression and headaches." 

Although these tests are nol conclusive due to the short time over which tin \ 
extended it is very plain to see that no logical arguments can be advanced For any 
comparison of natural with mechanical ventilation. 

The more crowded a building is, the more complex becomes the problem ol 
ventilation, for the exit and entrance of air must be complete and uniform through- 
out and at the -ami' time all objectionable drafts must be avoided. With mechan- 
ical ventilation we arc able to place- the air just where it is needed and in just tin- 
right quantities and to remove all foul air as fast as it becomes objectionable. 

Let us now consider what constitutes good ventilation and how it may best 

be attained. 

Ventilation 

In the human body, as well as in other animal organisms, life is sustained by 
a process of combustion in which the- oxygen of the air is combined with the hydro- 
gen and carbon of the food and carbon dioxide is formed as a result of this com- 
bustion. Therefore, a continuous supply of air with the- proper amount of oxygen 
just .i- essential to the sustaining of life as it is to the combustion of fuel under 

a boiler. We cannot, however, solve the proper amount of air to sustain life b\ 

any chemical formula, inasmuch .is the "Livable" limit is reached lonti before 
the chemical limit. 

The percentage of carbon dioxide in the air is a good indication of its state of 
purity but the exceedingly harmful effects of impure air are not entirely governed 
b> an excess of carbon dioxide. Physicians have shown that the poisonous effect 
ot respired air is due- almost entirely to the organic matter exhaled from the lungs 
Fin- following table gives the comparison of pure air and respired air. 



' »w gen 
Nitrogen 
Carbon I dioxide 
\\ ater Vapor 



I'ure Air 

20.35% 

78 10 

0.03 to 0.04 
1.5 Varial >le 



Respired Air 

16 2% 
75.4 

J 4 

5. 



I respired air is immediately diffused in the air offthe room and cannot be 
directly removed, therefore the air must be continually diluted till il ceases to be 
harmful. 1 here isno definite standard of purity and any line drawn between goi 
aml ' ventilation is purel irbitrary. Pur, air contain, from three to four 

irts ol carbon dioxide m 10, >. With an increase to 11 part, in 10,000 the air 

become* noticeably opressive wru as an increase ol three or four pan. to a tot tl 
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"I si\ or sewn parts is scarcely noticeable. Modern practice has been to consider 
good ventilation to exist when the air supply is so maintained that the total quan- 
tity of carbon dioxide does not exceed more than six to eight parts in 10,000. 

It i> estimated that the average adult at rest breaths 500 cu. in. of air per 
minute and exhales 17 cu. in. of carbon dioxide. From these figures we can deter- 
mine the air supply necessary to maintain any standard of purity according to the 
following table. 

Cu. ft. of air to be supplied per person for various standards 

of purity of air 



Purls Carbon Dioiide 
in 10.000 

5 

6 

7 

8 

9 
10 
11 
12 



Cu. 


Ft. air 


per mm 




per Adult 




100 






50 






33 


3 




25 






20 






16. 


- 




14. 


3 




12. 


— 
5 



Per cent, of 
Respired Air 

0.29 

0.58 
0.87 
1.15 
1.45 
1.74 
2 . 03 
2.32 



There are certain applications where more than the normal amount of air is 
necessary due to unusual conditions. The following table gives the air supply per 
person under various conditions. 



Specifications of usual air supplied per person 



Cu. ft. per min. 

. 35 to 40 
.80 
.25 
30 

20 to M) 

20 

H) 



Hospitals (Ordinary) 

Hospitals (Epidemic) 
Workshops 

Prisons 

Theaters 

Meeting Halls. 

Schools (per child) . 

Schools (per adult) 40 

Dr. E. Vernon Hill has devised a very good method for determining the 
effectiveness or efficiency of ventilation. 

This is done by using the Synthetic Air Chart shown on page 8 and we will 
quote Dr. Hill's explanation of its use. 

The Synthetic Air Chart 

"This chart is designed as a convenient method of recording data and 
arriving at a final percentage of perfect ventilation. It serves as a 
standard, or measuring "stick" as it wore, for determining the efficiency of 
a ventilating equipment, and eliminates personal opinion and guess work. 
The chart includes all of the known factors that influence the ventilation of 
a room. They are as follows: Temperature and humidity, which are 
recorded as the wet bulb difference; dust, bacteria, odors; air supply and 
distribution as measured by the C0 2 content. These factors, furthermore. 
are each given their appropriate weight or value as a part of the whole. If 
all the factors are ideal the percentage as shown by the chart will be 100. If 
all or any one of the factors represent conditions that are not ideal the final 
percentage will be reduced in a corresponding amount. 

After the results of a test are plotted on the chart we can see at a glance 
the final percentage of perfect, and if the results are not what they should be 
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the factors ih.it reduce the final percentage are al once determined. The 
longer the- test line in any column the less favorable arc the conditions rep- 
resented. When the test line disappears conditions are perfect. 

I fndereach factor there are three columns, a plus percentage column ; the 
factor column proper, and the minus percentage column. The factor column 
proper is divided into appropriate units ol measurement, as de - for tem- 
perature, particles per cubic fool for dust, colonies f< >r bacteria counts, etc. 

The plus percent; is the percentage of perfect for the specific factor 
in the column; lor example, in the (hart shown in the illustration tin- dust 
count i> 5. nun particles per cubic foot. This gives a plus percent of 98, 
meaning thai so far as dust is concerned the air is 98* , free. 

Reading the minus dusl column we find the percentage .1- .1 pari o! the 
whole chart is only one-half of one per cent. This one-hall ol oni percent., 
together with the other minus percentages from the various columns, is 
deducted from loo in arriving at the final percentage foi the entire test. 

The curves at the bottom oi the chart headed 'Temperature. Humid- 
ity '\u<\ Air Motion ' .ire for determining therwet bulb difference. To do this 
proi eed as follows: 

Mark ,1 point on the curve indicating the urj bulb tempera tun deter- 
mined l>v test. This point should be located al the in terse* tion ol the w< 1 
and dry bulb lines. This is done as a matter of convenient hi point will 

then gi the wei bulb, the dry bulb an I relative humidity. 

Nisi in, irk l>\ ,1 point on the line denoting the physical state ol the 
on u pants, the air motion from the test. This point will be at th< inter- 
section <>t the appropriate physical state curve designated by ' \i Rest,' 
' Light Work,' * Moderate Work ' and 'Hard Work' with the vertical line of 
air motion. The vertical distance between the two points is the wel bulb 
difference, thai is. it is the variation in degrees between what the wet bulb 
should be and what ii actually was b) test. This wet bulb difference is 
plotted in the first column ot the < harl 

I he distribution factor is the pen entageof distribution in the room. It 
is determined 1>\ an analysis ot the air sampli ious points foi t I » 2 and 

the ivei all amples taken is the average distribution for the room. 

The percentage of distribution i- the i>< 1 triation ol the 

different sam| >les from t he .t\ 1 .-. 

I he reverse side ol the chart, illustration No. 2, h arranged for 
recording test data." 

HEATING 

Closely associated with the problem of proper ventilation is that "t sat- 
isfactory heating, in fact it is very hard to draw the line of separation betw< en the 
two problems. 



Room Temperature 

Tin- physical principles involved in heating building in more complex than 
usually supposed, au^ exhibit an admirable nicetj in the balancing of forces. 

1 he first factor to be 1 onsidered is the heat gen ted l>> the human body and 
the methods for its disposal. Thes re important conditions « hich determine the 
most desirable room nperatures and in densely peopled buildinj ly 

d( mine tin result of vital processes dependent in part upon th, tivit} ol the 
individual. This amounl of heat extends over considerable limit- as shown l>\ 
the f( "llnw ing tabl< 
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240 B. T. U. per hour. 
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Child six j - old 
Adult al rest 

Vdult at work M)U 

Man M) yean old in an atmosphere with a temper- 
ature ol 68° F. 4(, ° 
The sai atmosphere ol 31° I uOO 
Woman $2 yi ars old 1MI 
Adult iii old aj i *' ou " 

We have found that a good average value for the amount of heal in B. t. u.'s 

given off per person per hour in an atmosphere of 70 F. is 400 for adull and 200 for 

children, th( '• figures being generally used when the heating of densely peopled 

buildings such as schools and auditorium is considered. The average normal 

in,,, inr.,' anadull in health i> ' I and since heat is continually being 

I, ii must be disposed of as fast as generated. This disposal may I" 

nplisht d in thn » ay s : 

First: By di I transmission or radiation to the surround ii air. 

Second: By the absorption of heat in th< evaporation of perspiration. 

Third: By the evaporation ol moisture through tin- lungs. 

Radiatioi • ends upon the difference in temperatun between th< body and 

the surround ini ii but it is al Lffected by tin amount of clothing and the 

humidity ol tht air. Ii is evident thai the temperature ol the room should not I ■■ 

l that the bod) will radiati more heat than produced under normal conditions. 

In i \\ nit standpoint, less heat should !>»■ absorbed than i ener- 

i thus allom part ol the heat to b bsorbed by perspiration The 

ii tern] have I iund to gh e i he best results. 

68 to 72°F. 

. . 60 - I 
.ill 1 1 \ hei al labor is done 50 to 65' I . 

Heat Losses 

In itaii a fixed i mperat within a building, it is necessat \ to 

ipply heat in sufl quantities t< on sate for the heal loss through tht 

\\ buil ilso to up tht i >ut 3id( air bn hi in 

i Thi transmi on in buildings has been thoroughly 

invest i l the law overnii rid i hi for I on ol 

building n ind building constructions are now quite accurately 

known. I >und that thi l< heat by transmission is proportion; 

• hit temprratu i twi des of thi material. Thi labli 

f ii trans n 

I ! II 111 id 1 1 \ 

* 

1 * t i t | air « ..ii hold Em \< ry 

•idl) i urn per i ubii fool ;,, ,,,, asu 

ils h imidity I upon Ii onditions in 

m1 ' mI publn l.liii. i,, |t tn j fi i(|t 

no * ' * ] rmined It a thi rmomi Lull, h 

111 P ' ,otn ' ' n a Pl I tempi ,f the surrounding i 

Wl,! ' h I,( H ' v. bulb n- 

humidity il diffi fll . . 

I « Hi* 100 lion th 



Pi Mill 

\1 







w 




I \\ System of Heating, Ventilating and Humidifyin 



To determine the wet bulb and dry bulb temperature a sling 
ochrometer is used. This is clearly shown in the cut and con- 
sists ol two thermometers, one having the bulb covered with a 
thin In taking the readings th< gauze is moistened and 

the psych rometer is then rapidly whirled around until the mercury 
idings in the two thermometers stay constant. It is essential 
thai the instrument be moved rapidh or held in ent iir 

r ,111 air movement a< ross the wet bulb is necessary to obtain 
true reading 

I ii the hygienic - idpoinl it is evident that the i ns 
ulating the humidity i- just as im tant as the probl 
ol proper ventilation and prop r heating in every school and publ 
lilding. 
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Psychrometric Charts 

'I be 1 1 lation I >etwei n I temp ttun u 

wel .ind di y bulb o tnd 1 1" stut itei I 

m the psyi >mi trii i h on page U It will h en tl 
"t hi al 70 will hold eight t moisture whit. ! ' n 

"nl" twograins md . only fivi -ten l ma | ' 

humidity vary from 50* J to 75 ( , ol saturatioi h ,, 

the humidil o< above or bt lo* th< the • ond 

fortable and in t.i. i injui a to health Hen< i . it will h I 

should i "in. mi from four to n\< .md one-hall I m< 

I- st con< n foi itilating purpos In I ) mi 

ir temperatun 32 outsidi . th( humidity of tl 
addition ol any mo would be only 1 win. h i inn: 

<>l the drit st I lini.th known. It is th 

which produi es tin i ommonly nol sin I 

in hed feeling in the nose a thn issitud< id I I h 

n- has U n ibutiri oun - to many th I puln 

III- Psy< hron i« ( rtson p • I6B taki 

ol the < arrit i Vii ( ondit 
busing ss These two charts should I whi 

pounds i I while tht i hart on ' Id I tU nd 

foot i- a unit I or most purpos i will I nd pt 

i In' pound .i- .i unit. 

The \ arious i i ^ shown on th< will h fou 

making ait calculations Hie grains nd of di 

passi tly from the dew-point, oi inters- . tion 

p the scale on the l< ft . «L irt. 1 

pot nd oi dry air ont d< when satu th i 

pi -iir. . may be determined by passi »m ih 

urvc, and then to the correspond >n the left < Ml 

heat, in B I u tbove lero d< n .. I 

with moisture may 1 >und by | vertically fi m ,,. 

1 heal left | volumi ir it 

pound may be found by : 
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temperature to either of the two volume curves and then to the left edgi ol the 
chart. One curve gives the volume of dry and the other ol saturated air. 



- r 



Example. As an example of the use of this chart we will assume air a1 75 
dry-bulb temperature and 60 per cent, relative humidity. From the chart we Find 

that the wet-bulb temperature will be 65.25°, the dew-point 60°. the grains ol 
moisture per pound of dry air 77; the heat required to raise one pound ol dr\ air 
saturated at 60° through one degree is 0.24664 B. t. u.; and the vapor pressun 
of air saturated at 60° is 0.523 inches of mercury. Passing vertically from the wet 
bulb temperature of 65.25° to the total heat curve and thence to the S( ale on the 
left, we find the total heat above zero in one pound of dry air when saturated al 
65.25° to be 2<). 75 B. t. u. This. then, is also the measure of the heat in a pound of 
air at 75° and 60 percent, relative humidity, since the wet-bulb temperature is the 

SllllC. 

The cubic feet per pound of air may be found by passing vertically from the 
dry-bulb temperature to either of the two volume curves, depending on whether 
the volume of dry or of saturated air is desired. To determine the volume of one 
pound of partly saturated air as here assumed, we will have from the chart. 

Cu. ft. peril", at 75° ,.,1.= 13.88 
Cu. ft. perlb. at 75° dry = 13.48 

.40 = Moisture 
.60= Rel. Humidity 



.24 

13.48 

Cu. ft. peril), at 75° and 60%= 15.7.2 

As an example of the use of the chart on page 15 we will assume a case when 
the dry-bulb temperature is 80° and the wet-bulb thermometer reads 70°. or a 10° 
depression. From the intersection of the corresponding- lines through these two 
temperatures we find the relative humidity to be 62 per cent. Passing horizontally 
to the left from this point of intersection to the wet-bulb temperature line (called 
the saturation curve) we find the dew-point temperature to be 64.5°. If the tem- 
perature of the air should be reduced both the dry- and wet-bulb readings will be 
lowered until they both read 64.5°, when the air will be saturated. The grains ol 
moisture contained in each cubic foot of this air will be found by continuing to the 
left on the horizontal line through the 64.5° dew-point to the left edge of the chart, 
where we have a reading of 6.65 grains. If the temperature of the air be further 
reduced, part of the moisture content will be condensed, the dew-point or satur- 
ation temperature will be lowered, and the grains of moisture per cubic loot will 
be c< >rrespondingly less. 
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Methods of Heating, Ventilating and Humidifying 

The old fashioned fire place was the first attempt at heating and ventilating. 
The draft produced by the large chimney gave ample ventilation, but tne neat 
loss along with this ventilation was very large and hence, as a heating system, me 
open fire place was most uneconomical. The next step, the old stove, afforded 
practically no ventilation, although its economy from a heating standpoint was 
fairly high. The modification of the old stove, namely, the hot air furnace afforded 
i certain measure ol ventilation but this measure was far too limited and unreli- 
able to make its use permissable in large or crowded buildings. A serious objection 
to the hot air heater is the liability of coal gas leaking into the air. I he hot air 
furnace is the chief offender in heating with extreme dry conditions oi air as de- 
scribed in the paragraph on humidity on page 11. 

The next step is marked by the introduction of direct radiation with -team or 
hot water furnaces. Owing to its cheapness this method has been extensively intro 
duced but it provides for no ventilation other than !>> window- and doors, and 
the resulting < Low uifi\ . h. d room- in office and other public buildings ha> • 
oubtli increased mat the world's death rate. 

The use of indirect radiation permits .1 certain amount of ventilation and 

elah < been devised on this basis. Aspirating shafts foi removin 

•ul air in connection with indirect systems have given positive results. In tin 

lattei '• in radiatoi ir< placed in the ventilating shafts to produce -i draft b 

increasing thi tempera tun of thi foul air. The cost of ventilation by this method 

1 jM nsiv€ .nid tli' e oi aspiration flues a- substituti for fans 1- indefensible. 

The Buffalo Ian S\stem 

It is toda) universal! iwl edged that the fan system ha- solved the 

problem ol the sue --lul heatii ind ventilating ol public buildings. In 1 
nitioi the legislatures oi practicall) all have passed statutory laws, 

ysten ventilation in school buildings, Phe question 

no lo - 1 ill tin 1. m tern 1»<- used?" but " How may it best I d?" 

I "i thi past irs the Buffalo I i> ha- l>»< n enj d in design 

■ i'n ~ . ilat i ■. stem ind mi i h< »nstru< tion ol u< h 1 quipment. 

I u in- in -ii> 1 1 --tnl ion in thousands oi buildinj - in 

'hi .mi! 1 ;id Japan, in fai I in all pari- «>l the < i\ih/<d world. 1 In 

impi - pin th l-\ i hi- < on ■ ny have bi it th rt of heating and Ven- 

ning n il p m not pn \ i< know n < >nc of th< 

improvenn I r and Humidifier, which removi ill 

impurities I i tl ii and impart- to it the prop r humidit) 

Public Buildings 

1 h< twi >f the Buffalo I an System ipplied to publii 

hnili 

1 ' ! 1 - in whii h tl both tin heatinj and ventilatii 

l uin n " " ailed tl pin aIim h thi h- 

1 by adia i in tti and th m 

i handles th< d for ventilation <»nl\ 

1 usc d '" l,i m tl amount ol 

] uin iipm. ., boiler for the g< i 

li 
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steam, a centrifugal fan, driven by an engine or motor, for the propulsion o\ air, 
an air washer for purifying and humidifying, a steam radiator for heating and a 
system oi ducts for distributing the heated air and for removing the foul air. 

The boiler ma) be of any customary type and may be operated at any pressure 
between one-half and 100 pounds per square inch, however, a pressure of 20 pounds is 
most desirable when a steam engine Is used .is the prime mover for the installation. 

1 he fan is <>l the centrifugal type and is usually constructed as an exhauster, i.e., 
with only one inlet. The use of a steam engine as the prime mover allows for greal 
economy since the exhaust steam can be utilized in the heater, this greatly reducing 
the cost of power used. The Buffalo heater described in detail on pages 52 and 53 
consists oi vertical coils of one inch lull weight steel pipe screwed in cast iron mani- 
fold bases. Steam is supplied to the coils on one side of the manifold and exhausted 
trom the other side, both the inlet and exhaust connections being on the same end 
of the base. Separate steam and exhaust connection- are provided for each of the 
several sections into which the heater unit is divided, each connection being supplied 
with valves allowing as many or as few heater sections to be in operation as are 
needed. 

■ 

The fan may be placed so that the fresh air is either forced through or drawn 
through the stacks of heater coils. In public buildings it is the general practice to 
separate the heater into two parts, one part known as the tempering coils, con- 
taining trom six to ten rowsof pipe, the amount being just enough to heat the incom- 
ing air to a temperature of from 60° to 70° before it reaches the washer or fan; the 
other part known as the* heater proper is placed at the fan outlet. The size of the 
heater is governed by t he amount ol air to be handled and the temperat are required 
on leaving the fan. Between the tempering coils and the fan is placed the Carrier 
Air Washer and Humidifier. The air, after being tempered, cleaned and humidified 
is discharged under pressure into two chambers known as the hot and tempered air 
plenums, respectively. In the hot air plenum chamber are placed the heater coils, 
while the supply to the tempered air plenum is carried by a by-pass either above 

or underneath the heater. In the split system no DV:pass around the heater is 

necessary. After Leaving the heater the air is distributed bv means of ducts 
leading to the room to be- heated and ventilated. 

It is customary to place the outlet registers so that the heated air enters the 
room about eight feet above the floor, this height being sufficient to prevent drafts 
and still allow for the proper air velocities through the registers. The cold or foul 
air is removed by vent registers placed at the floor line usually on the same side of 
the room as the hot air Hue. Tin- heated air enters above at a higher temperature 
than that ot the room, and a complete and practically uniform diffusion to all parts 
of the room occurs. The cooling effect of the outer walls and windows produces a 
downward circulation at these points with a consequent How from the hot air 
registers toward the outer wall in the upper stratum, and a Mow from the outer 
walls to the vent registers in the low r er or breathing stratum. This flow occurs over 
such large areas that the velocity is most imperceptible. 

Inasmuch as the heated air is positively supplied to tin- room, the foul air 
must be positively forced out through the only channels available, namely, the vent 
register, flues, and leakage cracks around the windows and doors in the outer walls. 
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Exit by the latter means is necessarily restricted in properly constructed buildings, 
but it serves the purpose of preventing the- undesirable infiltration oi cold air which 
would otherwise occur. The above method is often spoken of as the plenum sj stem. 

It is just as important to positively remove the foul air as it is to positively 

introduce the fresh air but the same progress bus not been made in this end ol 
ventilation. The usual method is to have vertical Hues with root ventilators and 
depending entirely upon the stack effect to remove the foul air. 

Manx of the best installations provide a supplementary fan system for ex- 
hausting the loul air. 

Advantages of the Buffalo Fan System 

The contrast between I he methods and effect- of the old system ol direct 

radiation depending upon windows and doors for ventilation on one hand, and tin 
Buffalo Fan System of 1 leating and Ventilating on the other is very striking. With 

direct radiation all air for ventilation must be admitted at the windows through 

the lower sash. This is made necessary because any opening of the upper sash will 
allow the escape «>i the stratum of heated air in the upper parts of the room. This 
method is both unsanitary and uneeonomic.il. It is unsanitary, first, because it is 
impossible to admit sufficient fresh air by means of windows without objectionable 
drafts; second, the ventilation is not uniform, and depends entirely upon atmos- 
pheric conditions outside the room, being mostly affected by the direction and 
velocity of the prevailing wind-; and third, an undesirable layer of cold air tends 
to settle along the floor, which doe- more h irm than an entire lack of ventilation. 
It is uneconomical because the coldest air remain- along the floor, and the heated 

air rise- aiid How- out of the window Openings. The healed and cold air do not gel 

mi opportunity to intermingle and mosl of the heat produced is not used to ad\ an- 
tage. Further the heat is not equally distributed, the bitter ventilated parts of 
the room are too cold, and poorly ventilated parts are too hoi ; the room temper- 
ature cannot be kepi uniform or regulated to any extent and the loss due to over- 
heating i- great. 

The Buffalo Fan System, on the other hand, is sanitary and economic al and 
overcomes .ill the objei tions voiced against natural ventilation, because it main- 
tains a uniform temperature, prevents all drafts and secures a warm floor. It is 
•nomical, because the temperature i- readily and absolutely controlled eithei 
automatically or by hand, and any overheating is prevented. This latter advan- 
tage i- very much greater than i- generally supposed. 

Carrier Air Washers 

I taeobja non that is frequently raised to the- use of the fan system is thai dusl 
i- drawn in with the air and blown into the room. This objection can be ven 
e t as,1 5 "' omeb 3 the Carrier Air Washer which positivel) remov( all traces of 
dust, soot .md smoke, and the foulest germ-laden air of the city i- thus made as 
cean-and pure as that ol the country. The advantage of this process wherever 
cleanliness and sanitary conditions are desired i- easily appreciated and renders 
tin- system particularly valuable in libra...-, hospitals, schools, in fact in all build 
mgs win lean air 1- a requisite 
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These pails contain dirt, mud, 
soot, bacteria of various sorts, and 
disease- breeding filth of all kinds 
which was washed from the air used 
for ventilation of Public School No. 6, 
Brooklyn, New York, and show- the 
result of one week's run of the Buffalo 

Fan System. 

Thi- mud was shoveled from the bottom of the Carrier Air Washer settling 
lank after the water had been drained off. Of course all the finest dirt floating in 
the water had been carried off. 

Had it been possible to strain the water as it was drained, no doubt five 
more pails would have been filled. These pails each contained approximately 
twenty-five pounds of dry dust so this washer was collecting approximately one 
hundred and twenty-five pounds of dirt-carrying disease every five days. 

Another big advantage of tin- air washer is that the humidity of the air used 
for ventilation can be positively controlled. The- advantage of this has been 
described under the subject of humidity on pages 10 and 11. 



Humidity Control 

The Carrier Air Washer and Humidifier described on page 50 effectively 
overcomes the- dryness of ordinary heated air and places tin- humidity oi the air 
under accurate and automatic control. In this system the humidity ot the air 
entering the- building is regulated to the finest nicety through the control ot the 
temperature of the- spray water. 

This method of regulation is the only simple and direct form ot humidity con- 
trol. By means of the' spray water temperature regulation every demand for 
variation i> immediately taken care of and there is no delay between the demand 
.md response as is evident in all othe-r methods of regulation. The temperature ot 
the spray water is raised by the introduction of steam through a device similar to 
an inje< tor, or by a closedwater heater. 

It has been proven by numerous tests that the- temperature of the spray wate-r 
is a greater factor in the amount of moisture which the air will absorb than the 
temperature of the air itself. 

Regulation of the- temperature ot air entering the- ventilating system as 
means of controlling the amount of vapor absorbed is inadequate, and attempts 
t<> -'(aire a constant relative humidity by regulating the' temperature ot the- bod> 
of water in the- settling tank of the- air washer fail on account of the time- element 
before this water is sprayed into the air. In these and other systems two thrr- 
mostats jointh aim to give the control de-sired, bringing in a double error, and a 
onsiderable lag of regulating effect behind the outside- atmospheric « han^r- 
which cause it. 

The Carrier Dew-point System of humidity control uses one thermostat ot 

very simple and accurate design exposed to the temperature of the washed air, 

on trolling directly the- temperature of the water as it is sprayed, not of the whole 
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volume of the settling tank. Tina- is no lag, ran-' brings instant effect, and 
literally any relative humidity ma\ be maintained automatically. 

Reduction of the humidity is not desirable except for special pro. a s in the 
industries, but may be accomplished by the use of refrigeration for ooling the 
spray water. The average winter temperatures in our Northern States set a pra 
tical upper limit for humidity at 40' , to 45', above which the coldest weather 
will can-.' condensation on windows. See discussion on page 30. 

The Dew-point System indicates by it- name that the air must be saturated, 
thus fixing absolutely the number of grains of moisture per cubic foot al a given 
temperature which leaves only the temperature of the saturated air to be con- 
trolled. No air washer that will not give saturation can be used with the Dew- 
point System, but Carrier Air Washers have spray systems which make saturation 
possible when using heated spray water. 




Buffalo Ventilating I nit in Bowery Branch V M.( . A.. New Korll « 
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Hospitals 

The necessity of ample ventilation in hospitals is not receiving the proper 
attention by those most concerned. Although absolute cleanliness is paramount in 
the mind of the physician it is really surprising that this question i- so frequently 
lost sight of when hospital ventilation is considered. This matter is being brought 
forward by the leading engineers and is gradually coming into its own. 

The extreme importance of maintaining the proper humidity in the treatment 
ot certain diseases i- just being realized by physicians. In diseases of the heart and 
the respiratory organs, in fevers and. especially in all nervous disorders, patients are 
extremely sensitive to changes in humidity and adversely affected by the dryness 
"i the air ordinarily existing in heated buildings. 

When used for cooling the hospital rooms in tin- heal of summer the- Carrier 
Air Washer in connection with the Buffalo Fan System proves efficacious and con- 
venient. 

Libraries 

The Bnftalo Fan System in connection with the system of air purifying is 

applied to the heating and ventilation of library buildings with most satisfactor} 
results. Not only does it afford positive ventilation, l»nt it frees the air from ail 
traces oi smoke and dust -<, objectionable in libraries; besides, outward pressure 
ol air in the building prevents the entrance of dust from without. 

In one instance test> were made of the temperature of the water in circulation 
and of the air at various points with the results shown in the following table: 

Carnegie Branch Library, St. Louis, Mo. 



Room 2:30 

Auditorium, basement 75 

* all room, basement 7 ( ) 

- ill room, basemen 1 77 

: nth Trading room, main floor 78 

North reading room, main floor 7S 

s^t'irk room ............. 7 ( > 

Average ;7 7 

External air 

Air entering rooms 

Circulating water. 



Time p. m 

75 
SO 
77 
78 
78 
80 



3: I.', 



74 



78 



7o 
78 

7'." j 
77 2 

86 

7> 



It is interesting to note the effect of this apparatus in cooling the building. 
Although the temperature of the external air was 86° I .. it cnt« red the room- at 
73, ,im I kept their temperature down to between 77 and 7s. a cooling of about 8] £°. 

During the rirst two -cries of readings the window- in the three basement 
rooms wen- open. Before taking the 3:15 P. M. reading they were closed. The 
-nit -how- that the temperature of these rooms was noticeably lowered by exclud- 
ing the external air and supplying only the washed air from the tan. 







19 



Fan System of Heating. Ventilating and Humidifying 







1 




ra 





is 



Fan System cm Heating, Ventilating and Hi iiidifying 



Application to Schools 

The modern school building offers the most exacting requirements in heatii 
and ventilating. The lai number of pupils seated in our room require a ver) 
rapid air change, and this musl be accomplished without causing an> drafts A 
uniform temp, rature must be maintained throughout the room and the ventilation 
must be adequate 

' he Buffalo I an system adapts itself very readil) to tin i omplishnu nl of 
ili" former bu1 the latter i> somewhat mor< difficult to ..nam. Even elaboi 
system cannot secure an entirel) perfei i distribution ol air and the onl) prai tii al 
.Hid sua essful method has been to suppl) air considerably in exi >l the theoret- 
ic al requirements. The n< , essit) of this extra requin mi nl 01 fa< tor of saf< i\ .»- it 
might be called, is often overlooked in writing specifications for school ventilation. 

Thirty cubic feet of air per pupil, which is the amount usuall) specified will 
keep the CO2 content down to from -i\ to seven parts m 10,000 This supply 

would be ample if the air distribution wen perfect but it has I ind advisable 

that Hi « 11 n per minute pi 1 pupil be introduced to insure the b< -t results. 

The Buffalo System has been installed in -.hook throu iut the world with 
marked success 
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Theaters and Churches 

Audience halls, such as theaters, churches and lecture rooms though in use 
but for a short time arc as a rule notorious for their poor ventilation. The intro- 
duction of tin- Buffalo Fan System has effectively relieved this disagreeable and 
unsanitary condition. Owing to the large dimensions of such buildings, and to 
the density to which they arc peopled the problems of air distribution and avoid- 
ance of drafts are greatly increased. 

Two plans have been found to give the best success in the ventilation of audi- 
ence halls, these arc usually distinguished as the upward and downward systems. In 

the downward system the air i-> admitted through registers in the walls at a height 
of several feet above the floor, and removed through vent registers in the walls at 
the floor line in the same manner as in school buildings or the air may be exhausted 
by means of separate disc fans placed in the walls of the building. In the upward 
method the air i> admitted through duct outlets in the floor underneath tin- -rats 
and is exhausted by means of disc fans in the wall- or ventilators in the roof. 

The upward method is to be desired wherever the architectural design makes 
it permissablc. A perfect distribution of air can be secured, and the air How is 
upward in accord with the natural air currents induced by the heat of the body 
and the breath. The products of respiration, and eliminations of the body are 
immediately carried away, and the incoming air i> un contaminated. This method 
of ventilation is exceedingly efficient, as a high standard of purity can be maintained 
at the breathing line with a comparatively -mall air supply. One objection to this 
system is that the air being introduced at the floor tend- to carry up with it all 
loose dirt which may be raised from the floor by the action of people walking or 
moving their feet while seated. 

With ordinary - precautions as to the cleanliness of the floors this objection is 
for the most part overcome. 

The moving picture theater ha> offered the largest field tor theater ventilation 
in the last few years. The system most in vogue tor these installations i- the down- 
ward system. The air is introduced through registers in the side wall and exhausted 
by means of disc fans or ventilators. The ventilation requirements for audienci 
halls and theaters are now very fully covered by legislation in most of the states. 

Upward ventilation, to be successful, requires a very careful arrangement of 

the -aipply openings on account of the greater liability of drafts. The velocities an 
necessarily low, and the registers are so small that a very large number is needed 
to convey the necessary air. 

The plenum chamber for supply is sometimes out of the question, and on this 
account the downward system, which is in almost universal use in schools, is 
extended to churches, theaters and halls with high ceilings. With a proper arrange- 
ment of fresh air and vent regi>ters, and ample air supply excellent results are 
obtained. To insure such results exhaust systems are frequently relied upon. the 
vent registers being connected with suction fans which maintain a steady draft. 

The design of theaters and churches often prevents the location of vent flues 

except in outside walls, the cooling effect of which seriously impairs the efficiency 
of the natural draft. It is always advisable to connect flue- so located with suction 
fans. 
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In theaters which arc m use during the summer, the air washer provides 
the means of securing freedom from distressing heat. In order to maintain the best 
cooling effect, refrigerating apparatus for lowering the temperature oi the water 
sprays is sometimes necessary, and may be economically installed and operated 
out even without the use of refrigerated water, the cooling effect is considerable 
and of decided practical value. 

,hnJmo lir WaSh J? an 1 C °? Iin8 a ?P aratus enaW <* the temperature to be lowered 
about 10 .converting the theater from the most uncomfortable to the mosl com- 

Teil'fn l ;;;; ,n TT W . eather V w ^ i,e in ***** " P™ . cleanliness and an in- 
creased freshness to the air supplied. 







P.uls < alh.,lra| 

I'-ul. Minn. 
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Department Stores 

Department stores offer an especially useful field For the application of the 
fan system. In cold weather there exist disagreeable cold drafts along the Moor-. 
Although on account of the- crowded condition ventilation is most urgently needed, 
no provision as a rule is made for supplying it. The fan system fills both of these 
needs, first, by furnishing warmer air in large volumes without the production of 
drafts, and second, by creating an outward pressure which effectually prevents the 
entrance of cold air at the doors. The objection to the fan system previously 
existing on account ot the dust carried into the building 1 >\ the fan is entirely oxer- 
come in the Buffalo Fan System by the use of the air purifying apparatus, while at 
the same time the- st<uo is made very attractive in the- hot days ol summer by the 
effect which may be obtained when using this system of cooling. 

The department stores shown below reap the benefits of Buffalo heating and 
ventilating systems. The Lord & Taylor installation admirably meets the varied 
weather conditions of New York City while, on the other hand, the delightful 

climate of Los Angel< s is further enhanced by the- Buffalo system in the Broadway 
Department Store. 
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PART TWO 



Industrial Plants 

THE apparatus used in industrial building application is -iniil.tr to th.it used 
in public buildings. The heating system ordinarily consists of t hree elements, 
namely; the heater, the fan and the system ol air distributing ducts. In 
such installations where pure air and humidity control is required, an air washer 
is installed in addition to the equipment mentioned above. The draw through 
lent i- most commonly used in industrial work inasmuch as higher velocities are 
used than in public building application, and also di\r to the economy effected by 
th»- fan discharging directly into the duct system. 

Heat Losses 

In industrial buildings the heat losses are due to two causes; first, by tin- dire< 
trail-mission of heat through the wall- and exterior surfaces of the building, au(\ 

second, l>v the infiltration of cold air from the outside. The loss due to the first 

- 

entire may be calculated very closely in accordance with the method described on 
page 74, hut the heat loss due to infiltration differs so greatly in various six- 
.im\ construction of buildings that no definite rule can he laid down. The allow- 
ance to hi- made for this is necessarily the result of experience and of careful tests i >i 
previous installations. The most effective remedy to reduce this los> to a minimum 
is to maintain a slight pressure or plenum within the building by means of a Ian. 

Fan System vs. Direct Radiation 

In all heating systems difficulty is experienced ^\ur to the rise of heated air 

before its heat has been utilized to the fullest extent. This heated air forms a 

stratum just beneath the roof. In the modern type of factory construction with 
its height .im\ great amount of skylight surface the loss i\\n- to this action of the 
heated air may he considerable and its prevention is a serious problem. In direct 
radiation where the air current is entirely due to the difference in temperature, 
the attendant loss, which is relatively great, is unavoidable. Practically, the only 

way in which this heated air can he made use of is by placing the coils next to the 
wall near the floor, and allowing the heated current of air to pas- upward along the 
walls, hut this method is extremely wasteful, due to the fact that part of the heat 

is applied directly to the walls, causing a loss estimated .1- great as 25* [ of the 
total heat supplied. 
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_ With the fan system on the other hand, the method of distributing the air is 
entirely mechanical, and thus an opportunity is afforded for utilizing its heatin 
effect to the very best advantage. The- method of distribution may be so devised 
that tlu- effect of a rising current of heated air Is almost entirely avoided, this heir 
secured by diffusion of the heated air along or near the floor line. 

The Buffalo Fan System possesses a great advantage over direct radiation 
systems in its flexibility of operation. With direct radiation a building heats up 
very slowly, and it is usually necessary to maintain a normal temp rature all night 
in order to have it sufficiently warm in the morning. < >n the other hand the tan 
system with the proper amount of reserve can heat a building up in a short tinu 
lhis allows the building to be cooled down during the night to just above free/in 
poim. say an average temperature of 35° or 40° where the manufacturing process 
will permit. ' 

_ Another Important pent of economy in the Buffalo Fan System Is the util- 
ization of waste sources of heat. The most common form of waste heat in an Indus- 
trial building is from steam engines and other steam driven machinery 

I he ordinary simple steam engine running non-condensing has a water rate 

a ;:;;"; ,,<,u :t T"- horse rr r - °i & e total heat ***** •*■ the ■*£ S 

about 20 j s utilized in work leaving SO' ( of the heat unused ' \ srreat oortinn 
i^53g2? ^ aVai,ab,C f ° r ™ !n bating appara^a s^^LTS 

Since the mean effective pressure in an ordinary engine, jrlinder may be Dlaced 
at ^pounds per square inch i, will be seen thai an increase ofone ,„„„ | , ^ . 

^--V system win greatly faSSL backp^ £3? ££* 

pound back pressure on the engine. successtulij with one-hall 

Heating with Exhaust Steam 

The question is frequently brought ui> whether it i ,i, 
"on-condensing and useexhaust steam orheaS or to ru ^ "■' '"" " ea «? B ' 
md use live steam for heating pur,.,,-,- \ ,h I engines condensing 

engine the water ra tt full load is a^ >n . i , ''''-' """I"'",,,! ( ,„li- 

"on-c lensing and aboln 14^S^S^^J7± "'""-,„„„ 

water rate I when run-in ,nSng a saving of 3095 in the 

* Pounds ,„ r horse ^SX SaWn E?F «'"«'™»* « only 

km "' "' Pounds m per horse power ,1 i ' , ' mM ste «n is equiva- 

ten pounds steam per horse pX, r '"/''i " "*»- "' ""' equivalent 

condensing I us i„ g „„. , , xha J £ ^ , ",;; - ' »•>. ,"'"'""« »- engine non- 

neati r. in this manner a saving is 
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effe I .1- long as J8< | of the steam is utilized in the beater. With engines whose 
onomy is less than thai assumed above, the saving i I b) running non- 

mdensing and using the exhaust steam in the heaters is even greater. 

With the steam turbine the water rate increases much nrn rapidl) with .1 
di ^<- in vacuum than in the cast the steam engine A steam turbine h.i\ ii 

iter rate ol 20 pounds of steam per horse power wit ' v iiu h< uum will 

require 50 pomuU ol mi per horse power when running non-condensinjj I rom 
this it i^ readil) seen that the use of exhaust steam from .i turbine running non- 

mdensing is economical when the heating requirements ire mi than 60 
the steam c< umptii t the turbine when running non cond 

Besidi a these clistim i .nK.nn * in . ion dii diat th< i- 

i.tllv .i considerable advant in first I in favor of tli« Burl ilo I in S 
rhis is du( in |Mi i to the compactness of the s) stem, quiring fewei connections 

nd shortei l« ii th ol steam mail but m< partii ulai i ih< at savii in 
.minimi ol i ai li.ii mi sui fa< e requii ed owii to i * . n< m 

ystem. A determinii i tor in the i of heal transmission ol an) heatinj u 

ce is t he vela it o> er the surl I hi i m n l.\ th< 

exhibiting the relation between ait velocitii ind heat transm i- «l« termineil 

b) accurate t< I on the Buffalo Fan s \-i In direct radiation the 

heat i transmitted l»\ convection currents and radiation only, whih with thi in 
system an air velo( it) ovet th< if from 1,000 to 1,200 feet pei minut usual; 

the formei transmits on!) from \ to 2.6 British rhermal 1 nits pei tquan 

hour, per degree diflfei in temperature, wl i item h< hown I 

tlu i in \ < mi | v 73, ti mits from 10.4 to 11.5 B. t u i»- 

perdei difference in tempera tun bout five tim< direct radi a on 

Hence a corres|iondingl) smallei amount ol which 

more than offsets the additional cost of fan engine, md hot ail pip 

I h< question often at ? .i- i lati> • nl ilal inj 

humidifying Vs an exampK hum a fan system <•! heating in a schoolroom, 

when outside temperature is and room tun is ti kepi \ 

must be raised t«> 7(i t> fore an) heatii will 1 1 done b) it, thi i 

mount <>i heat add* <l for \ , In ii m purpi 

I he tempi rat u >l tl m has to b still I 

nd it »rdinai i I > assumed that ntei .i i th ou n 

nun I) . u ill probahl) tak | .,! 

ientl) i»i<l .i han 

\« x \\ 70 ol l '<> total oi ml 

it i nt 1 .i | nately th< ist of ventilation i* fit ml th MJ 

w In re humidif) ii is not nsich 

Vssumin^ that this same proportion holds w\ 

outsidi i i- MJ and th< m i 

heating requ ! foi \ , ntila or I 

n « nti i in- tin i j should I 

The amount ol moisture which air uill contain defx-nds on it^ t< m|« r.itun 
rhe amount of moist ui rtuall ned lk-d the al 

lute humidit) . and tin i iti moisture w ill\ 

perature compared wh.it it could hnM.it thai same temperati I th 

n i\ » humidil m- n n 
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! !l olute humidit) uill L Q when theair 

fool i 7ii would b i 1 1 i i i - 
it- relative humidit) at 70 would i ly about six percent. 

u,h W ii is uJI have about 4 t. istu 

'"I- " hut with outside temi 

' j! '»;•' relative humidit ould I., about on< 

7 f hM " I indoor temperatu ul nutsidt 

1 and "' ' th , humidit) should beabou I 

1 ' N, "< .inn ol Endows, 

''H'tl, imni<)lI ,, 7 j, ta u . mnn 

'■' I IWVI Mi- h ,p|, lIm M n o 

; ', m ' <l then rould I- raised to mv 

uld be added rhruhi! 

attire* the a Iks. , , ,, „„. 

™ bulb temp 

will Ih i 
' vi atii ot 1 in u j|| 
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degree. This combination has been found to be more economical than where all 
returned air is used. The proper amount of air to be taken from outside is 
determined by securing a condition within the building so that the noticeably 

inward flow of air around the door- or window- ceases. If the plenum i- carried 

beyond this point, there will be a loss due to the heating of an excess amount of 
outside air drawn through the apparatus. 



Systems of Air Distribution 

The vertical duct system such as usually used in public and office buildings is 
frequently employed in factory buildings. In this sj stem the air i- admitted through 
vertical ducts or flues built in the walls and opening into the room at a point about 
ei^ht teet above the floor line; suitable openings being supplied at tlu- floor line 
connecting either with vents opening to the roof, or an exhaust duct system 
through which the air is drawn out. By this method the heated air i> continuously 

forced downward as it cool>. and tlu- cool air is removed at the floor lino. 

This system may be modified by placing tin- ducts in tlu- room along tlu- walls 
aiu\ either blowing the air out at a height of about eight feet or very close to the 
Boor and blowing directly downward along tin- tloor. Tin- latter method secure- 
a perfect diffusion of the heated air at tlu- floor line and avoids any draft which 
would be objectionable. In buildings having a large open area a system of over- 
head piping is installed to the best advantage. Excellent re>ult- are obtained l>y 
this method providing the pipes arc not placed at too great a distance from tl 
floor. The chiei advantage of tlu* overhead 53 stem is a saving of initial cost, since 
on account of the high temperature and velocity of air in tlu- distributing pipes, 
a great amount oi heat can he transferred with a very small amount of material 
n< as ary, thus tin- cost of tlu- galvanized iron distributing system air ducts is 
relatively small. The best results are secured with outlets at from 12 to is feel 
above the floor line. When running the duct- at this height the air may be Mown 
ctu directly by mean- ot >hort connections. Above this height it is preferable to 
use drop pipes extending downward along tlu- structural columns so that the} will 
not interfere with any moving mechanism. 

Anotlu-r system which has proven very satisfactory is that in which a dis- 
tributing air return duct i- employed. This approaches in principle very close to tin 
plenum system a- used in public buildings au<\ is a combination of both the plenum 
and exhaust >> stems. In this system no distributing ducts or piping for the heated 
air are used but -mail tan units are placed at intervals throughout the building. The 
air i- blown directly into the building at about eight or ten feet above the floor 

through an outlet coming directly from the tan and having short outlets branching 
in several directions. Return vent duct- .ire placed at frequent intervals along 
the wall, th leading into lar. return air tunnels or duet- through which the air 
is drawn by the heating fans. In this method the circulation i- effected entireb 
by the return vent duct- rather than by the hot air ducts. This method i- to b 

recommended where an elaborate duct distributing system i> impracticable or 
undesirable. 

This system has marked advanl over all other systems in that pi pin ost 

IS cut to a minimum due to the high velocities and high temperature of air handled 
by the fan and that a positive circulation of air is produced. 
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Industrial Applications 

The world is progressing and working conditions of years ago are no longer 
tolerated. The progress in machine tool design and increased production has 

bettered the class ol workmen. The former artisan is now a specialist. 

It is a recognized fact that atmospheric condition-- have a marked effect upon 
the comfort and efficiency of a workman. Thus the maintenance of proper at- 
mospheric conditions within a plant pays big returns in comfort and contentment 
"1 the workmen themselves and in increased and better production. 

The Buffalo Fan System of Heating and Ventilating is in successful operation 
in every type of factory building and in connection with every form of industry. 
A mere list would take up more space than advisable in this volume so we will 
content ourselves with the recital of just a few applications as given below. 



Machine Shops 

The requirements of the modern machine shop are most admirably met by the 
Buffalo Fan System of Heating and Ventilating. The modern construction with 
its large areas of glass roof and large single room volumes pn sents a very perplex- 
ing problem in both air distribution and pressure balancing. How successful our 
engineers have been can best be shown by describing the system as in operation at 

the National Acme plant at Cleveland. Ohio. 

This plant consists of a one story building <>i saw tooth construction and 
covers seven and three-fourths acre-. This rank- as one of the lar^< -t machine 
-hops in the world. The whole floor is covered very compactly with automatic 
machines for making bolts and nuts. 

The heat losses from the side walls of brick and glass are taken care of by direct 
radiation and the Buffalo System take- i are of the other heat losses which are by 
far the greater portion. 

There are four sets of apparatus each consisting of an exhaust fan returning 
air from the floor line and discharging it either into the inlet of the air washer for 
supply or into the atmosphere through ducts through the roof, a supply fan taking 
air from the exhaust fan or from outdoor- as the conditions require, an air washer 
and the heater units. Both fan- are driven by silent chains from a 12"xl4" engine. 
The exhaust fans are provided with an auxiliary motor drive so they can be driven 
independently when the supply fans are not in operation. Each unit handle- 28,000 
cubic feet of air per minute and has 6,720 square feet of heater surface. 

The fresh air inlet dampers and the exhaust fan discharge damper- are auto- 
matically controlled by a thermostat located in the discharge of each air washer. 

A considerable quantity of oil vapor and fumes are given off by the auto- 
matic machines and the apparatus when in operation keeps the building remark- 
ably fn«- from any traces of these. 
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Dye Houses 

The dye house presents a problem in ventilation that is peculiar and distinc- 
tive. The large amount of steam present has always caused trouble by condensation 
of all cool surfaces throughout the building, making a most undesirable atmos- 
phere to work in and also causing excessive deterioration oi the building itself. 

Our engineers have made a successful study of this problem and the intro- 
duction of the Buffalo Fan System has made the dye house so equipped just as 
livable as any other part of the factory and removed ill traces of condensation 

on the interior of the building. The entire secret of successful dye house installation 
is to apply the correct amount of air at the right place. 

This is accomplished by blowing heated air into the room just above the dye 
vats and machines and blowing a current of heated air along the surface up< »u which 
the vapor has a tendency to condense. 

The air blown across the vats and machines dissipates the steam and the other 
forms a current or him of heated air along the cool surface so thai the moisture- 
laden air is insulated from these cool surfaces. The air is removed by means of 
ventilators in the roof or disc fans placed at various, points in the walls or by a 
combination of both ventilators .ind fans. By this method a rapid absorption and 
removal of all moisture is effected. 
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The dye house of the Pacific Mills at Lawrence, Massachusetts is Buffalo 
equipped. This dye house ranks with the largest in the country and is absolutely 
free troni steam and condensation due to the efficiency of the Buffalo System. 

at * 

The apparatus consists of one No. 12 double width Turbo Conoidal fan, two 
No. 16 Niagara fans and one No. 19 Niagara fan, sixteen 4S" propellor fans and 
11,000 square feet of Heaters. 

Paper Mills 

Paper Mills present one of the most fertile fields for air heating, ventilating 
and humidifying. 

In the machine room we have the cold damp portion around the wet < ml ol 
the machine, the hoi humid portion around the drier- and the cool portion around 
the calendar end. The center of the room i-> over-heated while the ends requin 
additional heal to make them livable. Along with these we have the constant 
dripping oi condensed moisture from the roof. This condensate drops down upon 
the paper and causes great loss 1>> injuring the finished product in addition to tie 
rapid depreciation of the roof construction. The grinder room-- arc extremely cold 
and damp and the roof condensation is also quite a problem. 

The problem met in paper mills is similar to that in dye houses. Warm air 
must be introduced into the room without conflicting with the natural air current 
tendencies and ample pros ision must be made for exhausting the moisture-laden air 
without allowing it to come in contact with the cool surfa< es <»l the building 

The- S. I ). W'arnn Co., Cumberland Mills, Maine, and the Eastern Manu- 
facturing Co., at Brewer, Maine, lead the li>t ol i»aper mills reaping the benefits 
from Buffalo Heating and Ventilating. 

Food Product Plants 

In plants where food products are handled, tin chief requisite ol the heatii 
and ventilating apparatus is that the air deli\ ered to the workrooms be absolute!) 
clean. In addition to this a uniform atmospheric condition must be maintained, 
for it has been found that the quality of the product changes with variations in th 
itmospheric conditions under which th< are pic pa red. Both ol these requiremi nt 
are admirably met with the Buffalo system ol heating a\u\ ventilating equippi 
with a Carrier air washer. The effectiveness ol tie ( 'arrier air washer i^ shown !■> 
the pictun ■ 'ii page 17. 

The well known products of the Beech Nut Packing Compan) at Canajoharii 
New York, are all prepared and packed in the present i ol pan . clean air delivered 
l.\ Buffalo Apparatus. Not only is the air washed and heated I mt is also delivered 
in each room at the exact humidity required for the process taking place in thi 

room. 

Campbell Soups are also benefited l»> Buffalo heating ami ventilating. 
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Railroad Round Houses 

Round houses presem .1 \ ery difficult heating problem due 1 1 th • large volume 
ol warm air carried off through the open smoke jacks which act as ventilators. A 
great amount of heat is absorbed, too, in the m< Iting oi the snow and ice on the 
locomotives and in the evaporation of the moisture thus produced. Ample venti- 
lation is required to carry ofl the smoke and gases and considerable heat is required 
due to the excessive ventilation requirements. 

The usual method employed is to draw the air direct from outside and after 
passing through the coils ol the heaters to distribute the air by means of under- 
go >und du< discharging into the pits directly under the engines. The 1 >ut lets are 
often fitted with volume regulating dampers. 

This is very clearly shown in the drawing on the opposite p.ue. In addition 
in the outlet- in the pits the cold outside walls are taken can >f by outlets 
g some of the columns and blowing toward the cold walls. 

Tin- cut below >ho\\s the Buffalo Fan used for heating and ventilating the 
N. Y. C, R. R. round house at Gardenville. X. Y. 
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Advantages of the Fan System 

The chief points of superiority of the Buffalo Fan System maj be summarized 

as follows: 

1. Perfect ventilation regardless of exterior conditions. 

2. Uniform and proper distribution of heat. 

3. High efficiency of heating surface (three to five times that of direct 

radi.it ion). 

4. Greatest economy in operation. 

5. Utilization of exhaust steam. 

6. Prevention of cold drafts from without by production of a plenum. 

7. Independent regulation ot heating and ventilating effects. 

8. Great flexibility in operation to suit varying conditions, affording a 

maximum economy. 

9. Ease of control, which prevents over-heating. 

10. Great compactness, affording an economy of space and reducing the cost 

of steam connections. 

11. Perfect drainage, making less repairs necessary and giving a lower rate 

of deterioration than with direct radiation. 

12. Low cost of installation. 

13. The entire apparatus is easily portable and is, therefore, a permanent 

asset. 



i\i 
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PART THREE 



Buffalo Apparatus 

THE Buffalo Fan System Apparatus consists of a fan, an engine or motor, 
sonic form of indirect heating coil, and a Carrier Air Washer and Humidi- 
fier. The general arrangement may be cither the EXHAl ST or DRAW 
THROUGH system in which the air passes through the heater before reaching the 
fan, or the BLOW THROUGH in which the fan is in front of the heater and blows 
the air through the heater coils. The -election of the arrangement to be used 
depends upon the individual requirements of the location, each arrangement 
having its own peculiar advantages. The exhaust through apparatus possesses the 
advantage of greater compactness and .1 more convenient arrangement. On the 
other hand, the Mow through apparatus is larger but occupies a more narrow space. 
The former requires the use of an exhaust fan, one having only one inlet, which is 
slightly less effective than a blower having two inlets such as is used in the blow- 
through type; however, the exhauster discharges directly into the duct system 
without any reduction in the velocities of the heated air so that all the energy of 

» 

velocity of discharge is utilized. The blow through system on the other hand 
requires a change from the relatively high velocity at the fan outlet to .1 low veloc- 
ity through the heater and back again to a high velocity upon entering the air 
ducts which causes .m unavoidable loss in pressure. 

Due to its compactness the exhaust through apparatus is customarily employed 
in factory buildings. The blow through apparatus is necessarily used in public 
buildings and elsewhere wherever independent temperature regulation is demanded 
as the use of a by-pass around the heater permits the independent distribution of 
hot air and tempered air in any desired proportions. 
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I — Full Housing 
Top Horizontal 




2 — Full Housing 

H'Ulom Horizontal 



Fans 

are £?& SwT ***** ^^^"^o^a, 

Top or bottom horizontal discharge, up or down blast, and special the latter 
being described by givmg the angle of discharge from the horizontal The hand 

an or blower ,. determined by the side on which the pulley or engine is 
When facing the discharge outlet, the fan is cither left or rfrht h . 
^ thC ^ * « the left or right side astenfrom ^JSZT*" 

.-. \ i : , ;:^>::n: f:i;;::^" r th< ^ ri< - i — - f f — — .r^u,-.,, t>> - 1 „. b^,,. 
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I Full HuuMn^ 

Mown Discharge 
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Cone Fans 

For the Introducing of cooled or i« mpered air into rooms when no <li-iril.mii, 
system is required or for exhausl ventilation where the i tanci to bi overcoi 
is moderate .1 type ol fan known as the com wheel is suit.iU< I hi- -pecial 
oi i. in wheel i- used without .i housing and is shown in th< i ul abovi This fan 
wheel must not f however, be compared with the disk oi prop< ll< i fan, sini i il is pun ly 
of the centrifugal type. Tables ol performance an found on 



Planoidal Type L) 




HulTaU IMinowUI »'an I » |M" L 
(nil n nt B«ll.»m Mi-ri*..nl«l |)i-«h>rgr 



t mi i ■ the in-! il«\ t^ ( 

the centrifugal 1 j | fan wheel 

the steel pi fan. In this ; 
bl ides < on dial pi; 

re t'<w in number. As th< n suh 
extensh e ex imi nl ing and test ing I 

ir < lulu the Planoidal I p I 

steel plate fan was developed wh 
was .1 distinct improvi over tl 

old style steel plate fan. This fan 
pi d with i inli | i i il 

housing and the proportions of tl 
w heel, housing, inlets and out l< 
so d< ned as to materiall) im r« 
tli' ».i< it \ .ind efficient \ . .if I li- san 

redui ing the power i onsumption. 
I .»!»!• i\ ing ili. an >n 

p. " v and 106. 
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Niagara Conoidal (Type N) Fans 

With the Increase in the speed of prime movers 
it wasfound necessary to design fans to operate at 
a higher speed and one of the marked develop- 
ments in this line was the Buffalo Niagara 
( onoidal Multibiade fan. This fan derives its 
name from the prevalence of conical shapes in its 

design. The Made- arc made- to conform to the 

tapering surface ol a cone, the inlet is conical and 
the blast wheel forms the frustrum of a cone. 

These characteristics are very clearl 5 shown 
in the adjacent cut. 

Fans iron. Mo. 3 to No. 6 in size are made 
with east ,ron inlet bearing stand ,uu\ cone ls 
shown below. All sizes over No. 6 are made with 

sheet iron mlet cone and flat steel bearing standard , i 

s '•inn, mi- ,,.. shown in 

Performance data 
pages 7<; ,in.| l<)7. 





i in below. 

will lie found 
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.;,'"'"" •*■ '""'' high speeds and high ™ 
res are essential. The various point* . , ,, 
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Turbo Conoidal Fans 

. The increasing demand for air at 
n'gn pressure was forseen by the Buffalo 

Vlnhii ", m| ,''" lv ', '""' a new ^Pe o< 
™ blade fan known as the Turbo 

"'" U ''^ devel < L This fan 

?*™J r ? m the Niagara Conoidal, only 
" ' ll '" Its Wades are of double curv- 

^"tetead of single curvature. This 

parti* - 
ularly 

SUit ed 

for op- 
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'I he wheels, blades and hub are designed so 

thai ili« air shall have a smooth easy flow 
from inlet to outlet without abrupt i har 
ol direction at an) point ; also, the width 
the blade is so proportioned thai the b 
part i iniioi take up an iter pan ol the 

air, this prevents uneven pressure and eddj 

irn nts, and < m< - i - an e\ en distribution i 
tl>< air o\ - i iIk entire surfai • >! the blad 
I Kir su< i ess in i his des pro* en l 

practii al tests, and our standard 
i hal the \ eh icity of air issuin from ri 

ol t Im fan outlet .1 m IK ( I >j 1 

tul m is not mon 1 han 1 5* , w 1 1 w below 
1 he .i\ erag< \ clot 1 1 \ a< n >-- 1 h< en tin nil 
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Buffalo Spherical Type Fan Bearing 

On»- of the prominent features of Buffalo Fan construction is the type of bear- 
ing used. It was proven early in the history of fan construction that the reliability 
of operation of a fan was in a large measure determined by serviceability of the 
bearing used. 

The type of bearing described below is by far the best fan bearing on tin- mar- 
ket today. 

This dust proof and oil tight bearing consists of a split sleeve lined with babbitt 
id completely encased in the bearing housing. Tin- sleeve is mounted between 
spherical surfaces which allows the bearing to adjust itself in every direction and the 
housing provides a large oil reservoir In which two oil rings dip; overfilling is 
prevented by the position of the open- 
ing through which tin- oil is supplied 
and which also indicates the oil level. 

In the interest of safet) the thrust 
collar is pla< ed inside the housing, run- 
ning a inst a babbitted shoulder; 
grooves on the outside surface of the 
thrust collar throw off all oil and 
absolutely prevent it From creeping 
along the -halt and being drawn into 
the fan. 
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Selection of a Fan 

It has I i pi ii b ah in theory and practi thai the length blade in a 
straight blade fan wheel i- the deciding factor in the p lined .it .t ti\««l 

rotatix e s| I and thai a curvature of the blade in the din station tends 

to increase the ] sure. Whereas the curvatui lin »f r. tion 

ml- the pressure. Itisoftei I that tin Icun fan 

blades will incn tip efficii y over that obtained with radial bl sorbackwai 
- in \ .it in . 1 , this howevi not true. Each type is admirabl) .1 

certain purpc h has been found thai d blacli quin 

numb for good efficiei than blad >f the radial ty| similar el plal 

l Type I . fans. With the I plate or planoidal fan havin II numb* 

td 1 1 blades usually from five to twelve depending upon *sun tend* 

to l MiiM up 1.1IU' 1 ha I i ant -1 ! » 1 1 « - j 

• hall capacity than .11 normal rating Wnh the multibl Ii as tl 

Niagara ' onoidal ha\ 11 in l< urvature bladi - the : 1 loped n 

1 li ni_ 1 ol cl ion 1 ni I impact <»i the bladi the ail than b) 

ii 11 ii. .il fori ■ h( pn ssun test al thi mal I fan 

di I and -I' - rea *e< I f< »i m\ I- >ad, either .»Ih.\. 

rhis feat un has been ovi ome in tin fans ha> • hi 

the I nil... 1 rial in \s hi< h 1 he pi 1 build in this 

respect being verj similar to the steel pi fans 1 

brought - mi t in the 1 harai tei irvi >n 

P ' 

I n >m this it will b it in wh unil rtd, 

w Ii. 1 her for heating, \ entilatin ■ I plal 

in .ind Unix- ci moidal 1 n ill mi m h in 

of va lions in resistai brought about b) throttl mil «• 

ditions, Ontheotherhand.it met in »le to I n 

thi ii\ "t .1 fan without in. th. pi •»•! ' 

- _ a a ii 

it one part of .1 buildin mild I nul 

would * It I i \ ei .in in- minimi <>i .1 to tl 1 on 

a .mi of the m« n <l pressui multi-bl. 

would I" moi • sensitiv iw tarn « and 

.lm to this 1 11 il multi-bl ans 

less -1 than steel pla nd have th Ix.uit 

\\ hen s| f> ii 1 mull in with sir 

1 aution most be taken in <!• ning the d 
n I th ntii 

(. 1 f . UMM I 
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Buffalo Baby Conoidal Fans 

uh.J'nf Sf y ' ""," i<lal fen L S "l the high effi «ency multiblade type with blast 
wheel ol the same design a. the Niagara Conoidal (Type \) which has met 

r .an? dfild dS "'"'n^ T T *? and Can '-' ^ - '«•" ' '• <"< 

n any desired direction. Hns fan furnishes a large volume of air at a relative^ 

low pressure with moderate speed. The wheel is amiratoK, i i V 
smooth-running, noiseless machine accuratelj balanced, assuring a 

Volt I). ('. motors and 110 or 2 Y. 1 ',, l ''""'^Ih-,1 with 110 or 220 

4. S and 6 are also furni nJd % , , orfeo fet" rlTV" C , m """" X "" s - 
motors " u N ""' two or three phase, 60 cycle 



Tables of dimensions and performance on page 76. 
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Motor Drivt-n Typo l> 



Pullej Driven I rpc l> 



Disc Fans (Type D) 

The ordinary disk or propeller fans are designed for use where l<>\\ pressure 
heads are operated against. This type of fan should never be used in connection 
with a pipe system but should discharge directly into a room, or exhaust from it 
without obstruction. The characterisl ics of the Tj pe I > fan arc \ erj clearly sho\i n 

in the «il)o\ e cuts. 

Performance tables arc given on page 77. 

Disc Fan (Type CM) 

Where a disc fan is u>i<\ to o\ ercome a moderate resistance, t he Type CM with 
overlapping blades is recommended. This type ol tan is used as a booster in mini 
ventilation, or for producing air flow in cooling towers for condensing plants 
The casing and bearings are self contained. 
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The Carrier Air Washer 
and Humidifier 

The Carrier Air Washer consists of 
a spray chamber, a -cries of spray 
nozzles and eliminator plates. The air 
is drawn through the spray chamber 
where it conic- in intimate contact 
with an atomized spray of water. 

The number of nozzles is ample 

to insure 

a uniform 
distribu- 

t ion of 
t he mist 
a- show n 

in the cut 
to the 
left. The 

w .iter is 
so fin eh 
o! i \ i d e d 
th.it t he 
air mixes 





Interior of ( urrior Air Washer 



thoroughly with it a nd .,11 <lirt and dust 
part" I- an ^saturated, The air and water then pass 
through the eliminator plates. 

. Tl " eliminators consist of a series ol rig-zaa 
Plates, ., portion ol which are flooded with a con! 

"'7'- film of water. The air impinges on thlSe 
1 i«t plates, leaving the dusi and dirt which an 

ettl .nk in the lower partof the w^. lm ° f Wate ' ""' Washed """ *■ 

en J£d wX frS ^ "h? "" ' ,ry <»" r ' '"" thc ■»»*««. "here all 

lips crimpi d into the plat - and 

leaves tin- washer with tl exact 

amount ol moistun as predi ter- 

mined by conditions of temi i- 

ture .aid humid it) . 

Turn back to i 17 and 

1 '"■ pails of dirt removed 

by the Carrier Air Washer in 

Publii School No. 6, Brooklyn, 

New ^> ork, 

Dat lative to the sizes and 

tpacil rrier Air Washer 

and Humidifier will be found on 

M 
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Feed Pumps and Receivers 

The Buffalo Feed Pump and Receiver couh'm- of a suitably constructed east- 
iron receiving tank, mounted in combination with a Boiler Feed Pump on a 
common bed plate. The tank i> mounted slightly above the pump, giving a 
sufficient head of water above the suction valves to insure the pump always 
receiving a lull supply of water. 

Within the tank is provided a float connected to a chronometer valve control- 
ing the steam supply to the pump. Inflowing water causes float to rise, thereby 

opening the steam supply and starting tin- pump. When the water level has been 
lowered, the float automatically cuts off the steam. In this way the condensation 
water is returned to the boiler as fast as it accumulates. 

A Buffalo Vertical Centrifugal Condensation return pump in it- scheme of 
operation is similar in every way to the ordinary horizontal shaft outfit except, 
that the pump is vertical and submerged within the receiver. The motor is con- 
trolled by means of a ten-inch seamless copper float, operating a float switch. 
This style of design is more convenient in many installations as it avoids pro- 
viding large pit to carry the pump in order to get it sufficiently low to admit 
gravity drainage. 
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The Buffalo Standard Heater 

The Buffalo Fan System Pipe Coil Heater has been designed to meet the 
peculiar requirements found in forced ventilation and also to secure the maximum 
effectiveness in connection with such work. 

First: A perfect circulation of the steam is obtained which removes all air 

horn the coils, carrying it to a single chamber in tin- base from which it is easily 

removed through the exhausl connections. Air binding, the greatest enemy oi 
radiation efficiency, is thus prevented. 

Second: The heater is so arranged to insure perfect drainage. Tin design ol 
the base allows n .pportunity for pocketing of water, and the pipes are immedi- 
ately relieved oi all condensation, thus avoiding any chance ol damage by freezing. 
The drain ports are nude large to allow for «m unusually rapid condensation wit h- 
il choking and filling. This feature allows the coil to be used over a greal range 
radiation. 

Third: The proportion of the air pas es between the coils is so designed 
to secure the highest efficiency of radiating surface and the lowest resistance to 
air flow. In this respeel the air is brought in intimate contact with all parts of I he 
heating surfa< e and a uniform and maximum velocity of air is maintained through- 
out the coil. The velocity of the air is a determining factor in the rate of heat 
transmission, this being conclusively shown in the curve on page 73, this curve 
derived from data obtained from actual tests made on Buffalo Coil Hi ater. 
b maintaining uniform velocity through the heater an) unnecessary loss of pn 
sure dm to < hanges in velocity is prevented. 

Fourth: 1 tion is indep lently connected to the steam main and the 

steam supply coi I by valves bo th is fi w or as main sections as desired 

ma) bh in op tion givii • opera toi .. convi nient and absolute control of air 
temp ture and heater < t. By this method of connection an) tion may be 
n ved repairs without im< rfering with the operation of th remainii This 
tion also enables the use of livi im in a numbei of'si ction and exhau I 

1 ,1 " remainin livi ; exhaust steam ma) be introdui ed ii 

tion .»t t! -.inn i im. 

1 '" con """ n<l ,,g 't) iron, a given amount ol proper!) 
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information will he found 
very useful for use in in- 
dustrial heating and ven- 
tilating work. All Buffalo 
Heater Sections are made 
with four rows of pipes. 
From the table on page 
96 it will he seen that 
the size and number of 
pipes vary over wide 
limits so that it is readily 
possible to obtain a size 
of heater to meet prac- 
tically any requirements. 
When an apparatus is 
required having a clear 
area through the coils 
greater than the largest 
heater shown in this table, 
two smaller coils may be 
chosen and placed back 
to hack, this arrangement 
can be further extended, 
and a triplex arrangement 
of three groups used. 
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Vento Heaters 

The Vento low pressure cast iron 

he. iter, which is very clearly illus- 
trated in the cuts, is designed espe- 
cially lor use in the fan and blower 
work. These heaters are made in 
sections ol various heights and widths 
which may be assembled so a- to 

make a heater of any desired -i/< 
and depth. Ratings are found on 

page 104. 

Indirect Heaters 

It is sometimes desirable Iii lo- 
cate the Ian outside of tin- building 
to be heated, either in the power 
house- or a specially built apparatus 
room. If the distance is considerable 
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it will be found more economical to place the heater unit in the building itself, carry- 
in- the unheated air over the intervening space rather than heating it before. 

For special indirect heating work where the fan and heater are placed some 
distance apart a larger base is used for the heater than when used in close proximity 
to the fan. The table following will give the details of the various sizes of 
indirect heaters built by this company. Under the heading of "Size" the first 
row of figures gives the numbers of pipes across the steam supply and drip ends 
and the second column the number of pipes in the length of the coil. Cast iron 
manifold bases are used as in the regular fan system heater, however the steam and 
exhaust connections are on opposite ends of the manifold instead of on the fan and 
as in the fan system heater, this enables the heater to be used in either an upright 

or horizontal position according to the requirements. These heaters are known ^ 
the sohd base type, the base being divided into two chambers by me£s of T2ia- 
phragm which compels the steam to flow evenly through all pipes These coils are 
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Buffalo Steam Engines 

During many years of constant service in the building of engines it has been 
possible to bring the Buffalo Engine to a nigh state of perfection. Those who 
have directed its growth have aimed at the development of a simple, economical 
and, above all, a substantial engine, built in several types, each suited to its indi- 
vidual work. The limitation- of floor --pate- and heights, together with different 
engineering practice in mill- and power plants, have been met with appropriate 
designs which evince a careful consideration of all the requirement-. 

The design of a steam engine calls for a series of compromises. To make these 
compromises in favor of the most beneficial results is the evolution oi the best 
engine design, and to carry out these plans in a shop is the evolution of the best 
engine. Thus it is that the Buffalo Engine has a piston valve and bored guides, 
that the connecting rod has a small angularity, that the eccentric strap and simple 

transmission of its motion are used. 

The very great extent of the use o\ the high-speed automatic -team engine 
makes it applicable to almost any service; and appreciating the fact that there- is 

^^^^^ a demand for these engines of very 

^^Pv*"*\ aJ^S\~"^^\ compact design, s^ivin^ lciv.ii power in 

^^B^ atfVk \ \ <S^^\ -mall space, the eon-t ruction of the 

Wfl \ ,A^v*i\f M LJBpJ Buffalo Engine, which has been on the 
I^S\# ^L M "^fl ^^^mM^^^ market for years, has been con-tantly 

■^^-^" ■^— ■*»- — ' improved, and now represents a per- 

fected engine. They arc- designed to 
operate with the highest degree ol 
economy. These engines will furnish 
under the most exacting conditions 

satisfactory and reliable power. 

Tables of horsepowers and dimen- 
sions are given on page 105 
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Gas and Coal Heaters 

This company has been very successful in the installation of several large 
heating plants where the heat generated by the combustion of coal or natural gas 
is transferred direct to the air used lor heating and ventilating without tin- U sJ\.f 
an intermediate medium such as water. The heater used in this connection resem- 
bles a horizontal water tube boiler, each heater consisting of a hank of iron boiler 
tubes expanded into a heavy tube sheet a. each end. Th, , tubes arc set in a brick 
hous, n g ^m.la, -to a 1 .oiler and the products of combustion passed through the tubes 
\ llk : h V»r to '•; heated ,s passed around the tubes. The furnac! and con ,'- 

eu M ,efor': I;'" "' ^ *"?£* H " ^^ that COm P lete combustion ^1 

occur before the gases reach the tubes, and thus the greatest possible amount of 
heat is available for transmission to the air to be heated. 

Mi,Mi', a "' rS Mi 11 "' ') |H ', an ' 'V successful operation at the American RoIIine Mills 
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through the duct system by means of another fan. The heaters mentioned above 
have been tested and show an average operating efficiency of 85* , without con- 
sidering radiation losses. In many places the heating efficiency obtained by this 
method makes it advisable to use gas or coal heaters instead of steam boilers. 
Stokers have been used with great success in heaters of this type. 




0\frhung Fan 



Fan Bearing on Inlet Side 



Motor Driven Fans 

We have found it advisable in most cases to install engine driven fans, pre- 
ferably direct connected, this method being most economical and permits of a 
wide speed variation. There are however, innumerable cases where the steam 
pressure necessary to operate the engine is not available, or the location desired 
for the fan apparatus is such that as little attention as possible shall be required 
for its operation ; in eases such as these motor drive affords the solution and special 
fan designs have been made for use in connection with motors. A motor base i> 
constructed in connection with the fan housing, either of a heavy cast iron one- 
piece box construction or built Up of heavy sheet iron and reinforced with angles. 
The base is stiffened across the interior by ribs if made of cast iron, or hea\ \ angle 

braces in the built up construction and made with rounded corners thus com- 
bining the necessary strength with a pleasing appearance. In the case of the smaller 

size of fans with one inlet the fan wheel may he overhung on the motor shaft, 
which is extended for this purpose; however, it is 

preferable to use a coupling and place a bearing <>n the 
side of the fan farthest from the motor. Wherever 
alternating current is used, the high speeds at which 
the regular motors run, make it impossible to use a 
direct connected unit for heating and ventilating work. 
except in very rare cases. For direct current, motors 
may be obtained for any desired speed, and although 
i -low speed motor is more expensive than a high speed 
motor of the same power, the advantage gained is 
sufficient to warrant the adoption of the slow speed 
motor except in the largest sizes of ventilating fans 
which operate to best advantage at slow speeds. ?«„ overhung on M*t«r shan 
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THE BUFFALO FAN SYSTEM 






OF 

Heating, Ventilating and Humidifying 

PART FOUR 

THE Buffalo Forge Company takes great pride in its hand book I an Engi- 
neering" which i-. without exception, the authority in it- field. The 
following Mil>i<(t m.iMi i an<l d has been condensed hum the text ol 
this hand book and the reader is referred t" it for a complete discussion of the 
various priix iples invoh ed. 

Relation of Velocity to Pressure 

The laws governing the flow of air are less understood than anj other brani U 
ol engineering. The flow ol ail undei high pressure must be investigated therm< 
<K ii. urn. ,ill\ ,iinl the formulae are therel mplii I 

I "i low pressures such as are met with in ordinal \ fan work ver) little erroi 
isintrodui i «1 1»\ applying the same formulae to the flow ol aii as to \ he flow <>i water. 

The basii formula foi such calculations is 

V, - \ 2gh "i \ '>" \ 2 gh 

W l)< I 

V„ * velocity in fl pi concl 

V m veK »fii\ in t ' pei minute 

< .k due i i\ ii\ in fi 

h = I lr.nl ill the tl< in 

\\ Iso have 



i - h 



w 



u lurr 

1/ as head express* >i inches ol water. 

1 1 ■ density of watei 

\\ = wi .iir in pounds per < ubi 

Then with drj ail it 70 c I and 29.92* Barometer, wei 1.07495 M-- per 

i u. foot. 

d 62.31 

12 W 12 v 0d ' 

and \\» have 

V = ""\ ' Jl |2W = ' \ ''' 
From this w< that the vela due to one inch of watei ndarcl con- 
ditions for .in will be 1005 feel pei mini and a pressun >unee per 
square inch will be 

Jim i> . i ; \ \ MIS ii \'< r minute 

The following tables givt the pressure and v< it\ for .iir firs tant 

temperature ol 70 and second, at various temperatures 
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Corresponding pressures and velocities of dry air at 70° and 

29.92 inches barometer 
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form developed by Weisbach but recent experiments have shown his coefficient 
to be considerably too high for smooth pipe and in this formula it ha> been corrected 
accordingly. For pipes with rough or uneven surfaces the coefficients must be 
decreased accordingly. For tile and brick ducts we recommend that the coeffi- 
cient be decreased 25* ', . 

The tables of pipe friction below will be found very useful in estimating 

friction losses. 
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Sizes of Main and Branch Pipes 

Most published rules involve arbitrary constants and tables without giving 
the basic formula or reasons in determining Hue register and pipe sizes, the 
most efficient arrangements can be made only when the hypothesis ol calculation is 
understood. The essential (Una is here given and while its application requires 
more than merely taking sizes from tables, the whys and wherefores are known, 
and in this knowledge there is considerable satisfaction. 

The piping systems for industrial buildings and those for public buildings are 
figured ac^rdfng to two distinct methods. In industrial buddings .he problem 
if chiefly to convey the heat units with as great an economy of power material 
and ace as possible, while in public buildings .here are the additional require- 
ment' of freedom Iron, noise and prevention of draft* In mdustna buddings h 
air is usually conveyed through one or two num. lines extending lengtnwu* ot the 
bui ding the areas of such pipes decreasing a. .hey extend to give a umfo m 
d stnhution of air throughout. On the other hand in ^"/"^"g^ 
ducts are carried from the apparatus to each room, so .ha. it is evident Uu sam< 
method is not applicable to both systems. 

Proportioning Pipes in Industrial Buildings 

In proportioning the mam and branch pipes in industrial buildings, .he primary 
aim is to Se ^uniform a distribution a- possible without the necess ty ot 
damping; Soodly. to -cure economy of f^/^^^S&JiSS 

has three- advantages. _ 

First: It utih.es the velocity of the air in producing static pressure in the 

S>St W>nd • Be this means a nearly uniform static pressure may be secured in 

II ii,. io in ■ riving a very uniform distribution ol a.r throughout. 

a " %l. It reduce friction in the smaller pipe, which would otherwise be 

t • ,„ nut this idea in the proportioning of the piping .his company 

In carrying oil tills ulea m I method has been carefully tested 

employs an original and accurate meriiod Ttas methoo .^^ ^ 

and ha, been found to give a, a no t a d , .but V .^.^ ^ ^ 

to so proportion the velocities ntto < . 1 P ™ , llav e lsily be shown thai the 
'tAZS^SS^^iSSS S P^ - Us siz suit thi .- 

dilio,,i * d, _/C, V , 

d, \ c, / 

Where d, and d s are the ^^meters of -$Z^£j^££ 
relative carrying capacities Asanequaton , usi this chart we 

putation. the chart on ^ "££££3£ffi outlet, or 10 to 20' j jarger as cir- 
£^K^*Afl*^ Proportioned directly from this mam p,p 
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size. It will be noted that the curve is plotted for per cent, capacity and for per 
cent, diameter according to the formula for constant friction per foot of length 
hot instance if we have a branch pipe which is required to carry 5095 of the capa- 
city ()! the main pipe, we find the point on the curve which corresponds to 5<fe 
opacity and which gives a corresponding point of lw j diameter; thai is, a pipe 
to carry M) of the capacity with the same friction per foot must have W \ of the 
diameter, which may be easily calculated or be read directly from the- tables for 
various pipe sizes ;on page 113. It will be seen that straigh lines are drawn Uv 
pipe sizes from 20 up to 80 in diameter. Supposing the size of the n.ai 
60 in diameter then following (nan left to right along the line, of 1W , diE 
to the line of 60 pipe we find from the scale above a diameter of 46* whirl 7 ho 

Sizeot ,,,,wh,r ha r hall tin- capacity of 60" pipe- with the- same frir 

Bv^nu,ho, the sizes may 1, read off rapidly without any hiS^'gilS 



100 



io 



20 



30 



DIAMETER 
40 




«»r„portionin 8 Pi p j n( , ,„ A||<m ^ ^.^ 
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Application 

lake the following example which -how- the method : Lei the main pipe from 
the fan be 48* in diameter and suppoa a Jit duct having ten equal outlet 

The first section of piping is 48*, the second section has a capacity of ( ><>' , the 
third section 80%, the fourth 70%, and soon; corresponding to 90^< we find 
diameter of 96 ( J which fora48*pip i ves us 46" for the a cond section. For thethii 

ction we have 80^5 capacity corresponding to 91 9< diameter or again following 
from left to right to the 48* line, we find a diameter of approximate!} \ \" Foi tl 
fourth section we have 70',' capacity with a corresponding pipe sizeof86j .' , ol 
the main pipe and a diameter of between U* and 42", d< rmined as before. Foi 
the last section we have 1 ( )' , capa< it) or W j diameter \\ h i < h gv i i diami ter ol 
between 19* and 20*. The outlets ma) of cours be proportioned independently; 
the same is true oi exceptional!) long brani hes which after having been figured in 
the ordinary wa) should be incn ed l>\ a certain percentage throughout 
jjtidgmenl ma) det< rmine, to dei i e t he fi i< mi. 

Determination of Friction 

For perfei tl) smooth, straight I van i zed iron pipe it has I n found a tated 

bove thai the loss of pressure in a length equivalent to 50 diameters i approx 

in itely equal ,f > the pressure i orr< ponding to the vi lo< ity, i. < to the ve!o< it) 

Ix-ad. This holds true for all i under usual velocitii an foi watei in 

brick and concrete ducts, however, it is advisabli ; ' , mon frictioi u 

in other words a loss in pressure ponding to id f< ever) in 

diameters, i. »•.. in a 12* brii k duct K) feel I or 24" I duct 80 feet Ion 

loss in pres ure will correspond to th< lex ii I oi 2000 vi loi it; und< 

thos< conditions will cause a loss in pressure < oro fourth inch. In addition to 
the above it is nei iry to figun the loss in elbows Th< fa ""i elbows is 

difficult i" determine exa< tly, but from the b si information - i unable it appeal 
thai one elbow with usual radius is equivalent to a l< h ol pip< ol appn it I 

ten diameters. 

Now \>\ t he fo proporl ii >nin onn unm 

to figure the resistance of each section of pipe ind< h friction is < on- 

stant per foot of length. It i- simpl) nei tr) to know the ' th <»t ih. I i 

run of piping in feet, the numbei and sizes ol i lbo> nd th( diami t< ind v< lo ii 
in ih. lai i pipe, the loss is exact I) th< ime though th< entin amount ol 
tir was carried through the largest pipe the entire d It is usual to figure thi 

,i l of the main dud ipproximately equal to tin outlet It should 

be noted that the velocit) at the outlet ol i Buffalo fan ; he rated 

qua! to one-hall ol the peripheral velocit o that the velocity head in the i n 
pipe will be ! j the total fan pressun I on onvi nil n< i vc maj me the fan 

to operate al oni inch, that the loss in piping thus proportions d is om h in< h 

for evei l< th equal t<> H) diameters of the main pipe. As an exampl thi 
method ol I ring suppose «"ir main outlet is I s in diameter and tl 
ten section proportioned as in the previou cample. W< will ala at th< 

main section contains one elbow, and that then is als n elbo* in the section 
\9' in diameter, one elbow in the section JO* in diameter and elbow in thi 

ection 20* in diameter. Lei the length pipe to th< farth< it let be 120 

I. \\ . i omput. ili.- friction in the following wa) . 







Fan System of Heating, Ventilating and Humidifying 



= 1.46 



120 feet i- equivalent to 30 diameters of 48* pipe. 

One 4.x" elbow is equivalent to 10 diameters of 48 pipe. 

One 39" elbow is equivalent to 10 diameters o 39 pipe or 8.13 diameters o 48 p p 

One- 39' elbow is equivalenl to 10 diameter of 30 pipe or 6.25 diameters o 48 pip 

One 20" elbow is equivalent to 10 diameters of 20' pipe or 4.1 / diameters oi 48 pipe. 

Total equivalent length 58.55 diameters of 48" pipe 

The equivalent loss in velocity head will then be 

58.55 
40 

times the velocity head in the 48" main. Further there is the velocity remaining 
in the 20" pipe which gives an additional loss evidently of 2 %* ol one velocity 
head or .42 times the velocity head in the 48" main. This gives a total loss in the 
piping system of 

1.46 + 0.42 = 1.88 

times the velocity head in the 4S" main. Assuming that the velocity in the 4S" 
main is 2000 feet per minute corresponding to a velocity head of one-fourth inch, 
the loss of pressure in the piping system is then 

0.25 X 1.88 = .47 in. 

Thi> amount is to be deducted from the total pressure of the fan instead oi 
from the static pressure when the piping is connected directly with the fan outlet, 
as by the reduction of velocity in the piping we have utilized practically all the 
velocity pressure at the fan outlet. In a "blow through" apparatus, however, 
this loss in pressure must be deducted from the static pressure; allowance must 
likewise be made for the loss in entrance to the piping which may be estimated at 
45', of the velocity head. It will thus be seen that a "Mow through" system 
requires larger piping than the "draw through" system for the same results. 

In ordinary ""draw through" heating system apparatus it is usually advisable 
to limit the pressure loss in piping to 50' , of the total pressure. In tin- above 
example it has been shown thai 0.47" out of the total pressure of 1" is lost if we 
make the pipe th Lme size .is the fan outlet, and therefore this is safe. However 
it pressu i loss had been 0.65" and we wished to reduce to 0.5" we could use the 
following formula as a loss in pressure varies approximately as the square of the 
velocity 



C 2 -t 



P 
Pi 



= ( iN 



of' = — 
0.65 



Thus w l the Ban* capacity with .5" loss as with .65" loss it would be 
neo i> to incre the area ol tin- piping throughout nearl) 1 r il 

diameters of all the pipes approximately 6' , Then instead ol a l ■" pipe it would 
In- necessary to use a 51" pipe, inside <»t a 16* pipe a 40" pipe eti 

Proportioning Ducts for Public Buildings 

In public buildings the sizes ol air-conveying ducts from fans or heaters I 
vertical induction flues, and the sizes ol these flues, depend upon the velocities ol 
the .or flowing m such dm ts and flues. The essential fa tors in d mining these 
velocities are: the limitations ol onomical rotative speed of fans from tl 



Pose »" 
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standpoint of p >\\ er, the limitation- of air velocities on a< count of noise or 1>\ n n 
of increasing friction as velocities increase; limitation of velocity ol inflowing air 
through registers into room-; the desirability of as high a velocity <>t air as .- per- 
missible under the limitations referred to in order to get as quick a com ol 
heal units from the heater to the ro mis t«> be heated as possible and to keep down 
the size ol ducts required; and the necessary initial and intermediate velocities to 
overcome the resistance existing in each particular system. 

The size of vertical flues to tin- registers in tin- rooms i- determined !>> tin- 
maximum velocities allowable in avoiding drafts and noise in the rooms. P 
has shown that the best velocities for the wall i - should I>« from 200 to 

Kid feet per minute over tin- i of tin- register d< nding upon the size a\u\ 
location; -iiu\ for floor registers should be from 125 to 175 feet. Th. velocity in 
the verti. al flues leading to the registers should be from 400 to 750 Hie size ol 
these vertical flues is determined largely by thesizeol register desirabk In 

I, the velo. ity in these risers should be low, in ordei to obtain as uniform a vel 
cil j i possible a\ er the register ai ea. 

The velocity in the horizontal ducts leadin from th( app tua to tin v. 
tical risers is determined chiefly by tin he i In practice thest 

velocities will var anywhere from 700 feet to 1200 feet depending upon tl 
length ol the duct, number ol elbows, et< A «i ei with considerable i xpent n. 

m ., proportion the e <Um^ so as to jiv. vei iniform distribution without goii 
into ,i.,\ extended calculation. However, it is desirable to hav. a correct method 
l8 a basis. I oi the benefit ol engineers and arcl here th. , hod 

ntployed by thi ompan) in the determin on ol du. » wi lo. iti. and biz. 

The omim ipal losses in piping systi iblic buikli an in thehorizont 

ducts where the velocity is the highest rhe I - in these ducts depend upon 

the velocity, the size and length ol duct and upon th. imb ol elbows. I h. 
is also con iderable loss ... pressure as the air enters the d Vn id. ,l 

should tak. ill these factors into consid. and so proportion the veociti 

that the resistance would be practically equal in all ducts irdlessol tti th 

The systi m which we emplo) ac< iplish. i this in a pi -I mann. I -it 

the m..h time avoids any laborious calculation I lucl a factor ... be 

obtained by inspection ... accordance with the following formula 

1 m 5 

This factor represents the loss b) friction in tei d Thefii 

term, two and one-half, is approximately rhe mimberi th, velorii 

by entrance to the pipe, entrance to the vertical fl and I ... and 

The second factor represents the loss due to l< »• of P> I 

infeet ^d VV is the approximate width in inches rhe third -n s th 

proDortion of the p, »" lost in elbows, and N . the number of loi 

One square elboJ is figured equal . fang . u ? f lows. " 

the piping layout the factors for the various ducts 

hese factors the velocity in the resp ductsan ^\^l Indt-ter- 

nVmTng these velocities it is usual to alb^ ale in h . .. . he 

toS fan p *ure. This in pract it!) amou. Jan 

nch Th espondi. pressu «ith 000, 
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and since the velocities vary as the square root of the pressure, the factor F and 
the velocity V will give a loss of one-fourth of an inc 



h since 



V = 



2()(i() 
1 F 



In this manner the velocities arc accurately and conveniently proportioned. 


















The Following Table from an Actual Case Illustrates the Variation in Velocities 

which occur in a Correctly Proportioned System 



No »f 

iii- 



( 'i ml 'hi - 
i 'uImi- Feel 



i ital 
B T i 
I.' 



1 

■j 

:! 

! 

5 



— 

8 



5290 


L3020 


25700 


->( 081 1 


0070 


36240 


3531 ) 


14015 


I860 


7«>s: 


3400 


! 1255 


0070 


30370 


I860 


7' ii ;i i 


55400 


167000 



\ P M 
luired i a 
I Lea ' ing 



260 

Kills 



\ I' M 
H < 1 1 mi ed 
fur Vent. 



:{.->■_> 
_»-.7ii 



725 


405 


'J SI ) 


235 


159 


93 


265 


227 


726 


in.-) 


159 


93 


10 


14 Id 



A p M 
All.«\\< l 



352 

2570 

760 

159 

2( '»."» 
726 

i a i 

■1140 



Mm Vn 
Cha age 



15 

10 

s 

13 
12 
13 

'.» 
12 

12'., 



\ IV M. 
foi Bach 

I llict 



I ictoi 



1 285 

700 

'si I 

[60 
265 
726 

I :>< i 
2220 



3 
5 

o 



\ . locil y 

in Du 



950 
730 
670 



An- 1 .if 

Duct 
Sq I 





950 


•"J 1 2 


880 


5 


730 


7 


630 


4 


82( i 


7 


070 



3.71 
1.75 

11 I 

.3 

.19 

37 

l.io 

.19 
3.0 



Heating Requirements of Buildings 

Before deciding on the heating capacit 3 required, the engineer must make in 
estimate of the heat losses from the building under the severest < on < , J 

™" her - I *" P™»P*1 loss .sby radiation, and as the result of exhaust u ■ 

^ alio, L exposure to JffiSS SS^J^Z ^^^ 
nary condition. "huk.h oi neat, and am extraordi- 

weigh) of one cubic foot o air „ 70»F is 00749? ^?. ^ re £. : 2 »* nd "" 
" '»" '" he * -ill raise the temperature oi ZS^gffg* ''"'^ Th,,rmal 

1 

= 56° E* 

0.238 X 0.07495 

Infiltration 

one air change in half an hour , , h°" "', llu ' b " «"« ■*> ^ges from 

air chang, in two to three hours in I ..','' y ! '""".V' 1 Elding, ... one 

•••"- A^aarsasfffs-tjisft 
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amount of infiltration is proportional to the square root of the difference in tem- 
perature, hence the heat losses due to infiltration may be expressd by the equation 

H = C (t, - t,)% 

Heater Performance 

In modern methods of determining the size of apparatus, whether for heating 
or drying, the heat losses are first calculated in the manner just described. In public 
buildings the amount of air is usually specified and the required temperature of air 
for heating may be determined from the equation 

k 1 



ta = 



+ t r 



0.238 X 60 X wu 
in which t_> = the temperature of the air leaving the heater. 



1 = 

a = 

t r = 

w = 

k = 



the B. T. U. per hour hour lost by transmission through walls, glass 

surfaces, roofs, etc. 
the cu. ft. of air required for ventilation, 
the temperature of the room. 

weight of one cu. ft. of air (which taken at a temperature of 70° F. 
and 29.92" Bar., is 0.07495 Ihs.) 

is an assumed factor of safety chosen with reference to the partialis 
conditions. 



ir 



This formula may also be used in determining the volume of air required when 
the temperature of the air is specified. 

Where "return air" is used, that is, air is recirculated from within the building 
instead of from without, the formula is modified as follows to give the total heat 
units required with a view of choosing a standard size of apparatus to meet th< 

conditions. 

H = 0.238 w n C (t r - t,i kl 
in which n= number of air changes per hour due to the infiltration of cold air 
from without. This is dependent upon the size and construction ol the building 
and musl be chosen as a result of experiments and tests upon various types of 

buildings. 

C = the cu. ft- content- of the room. 
t, = the outside temperature. 



Heating Surface 

The next step is to determine the total amount of heating surface in lineal feet 
of (-ni-inch pipe. 

Having previously determined the amount of air to be handled, we determine 

the size of heater by the free area required to allow the passage ol the desired 
ouantitv of air at the velocity chosen, according to the following table. 
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Maximum Velocity Advisable Through Heater for Different Installations 



n. pth ol Hi itei n Sections 



4 
5 
6 

7 
8 




In Industrial I"|:inl- 



1.-><M) 

[230 

hid 

1070 



The proper velocity lor the air through the clear ana of the heater will vary 
with the different conditions such as pressure carried and character of the tostai 

not-JeS *%S$!SZ? thC ^ '"' PUbHC buiWingS " Wh< " "»' «S?*SS 

heaters given on page 96 T "he III 1 f 7 "J™"" 1 * <>' Buffalo Standard 
Ventocisl [ron Heater tables g^o^fi * "^ ' n C ° nneCti ° n with *■ 

Friction of Heaters 

^na:;,;;;:':::-,;::';;;;:^:;/^;;;;-^ 1 ^,! 1 ;;' ;**» - *. * 1MwillK 

greater than ordinarily imagined „„ " ,' ' P^ssure here is much 

mistake of assuming higher v • ocit "' T" ', l""'^,' 1 ^'"- ^ke the 
com P iled from careful testson BuS H e a ters '"' n '"' f ° ,lowin « tab,e is 



Pagr 



i Ug] 



100 

100 

600 

700 
IK) 

III! 

I1IMI 

L200 

18(H) 
14IMI 

• Ml 

INI 
17INI 

I HI 



Friction of Air Through Buffalo Standard Heaters 
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II IK»<> 

015 

ii i 

o i 

HIT 
I) 

o 078 

o . 

116 

<i 138 

H 162 

ii 187 
213 
i) 245 
<) 277 

■ i in 



11 '■ pi h - r»v< m 



Nl Ui:| R OF -i i i ions 



\\U kX 7 " ' 








"i 
ii 
ii 
• i 
'i 
o 



DI7 

049 

094 
12.3 

1 55 

I'M 



'i 2 
276 
KM 

190 



o 
• i 





I. . 



0211 

') 046 

n7.; 



I) 

'I 
II 


'I 




o 
Q 

ii 
o 
ii 

ii 



mi 

HI 
184 

j;.; 

2*7 
347 

111 

Is., 

646 

■ 
531 






ii 
") 


o 

ii 
o 



(W5 

i.i 2 

095 

l ;v 
lss 

245 

311 

382 

'i |i 

.").", l 

648 

■i) 

OHO 

I in 

240 



<) 

n 




1 
1 



043 

ii 077 

O.KU 
«» 17 
2 
i) 306 

n ;vs 

170 

579 

ii 689 

810 
9 

1 i»77 
I 226 
1 :;s7 
1 550 




6 



052 

ii i. 

o I 11 
_'<i7 

282 
368 
(66 

.-,71 
695 

827 

972 

1 124 

I 293 

I 171 

1 664 

I v, 




o 




o 

II 



Q 



060 

108 

168 

242 

329 

(29 

Ml 

'170 

810 

'it;:, 

i i a 
i m 

1 508 
1 716 

I -.in 

-' 167 



8 



069 
o (23 
ii 192 
276 
i» 376 
190 
o 621 
765 
0.926 
103 

500 
7 22 

'Mil 



2 218 

2 isu 
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The losses are figured for air volumes at 70°. For accurate estimating, correction 

should be made tor the increase in volume due to rise in temperature. The preceding 
table enables us to read very readily the loss of pressure through the heaters. It 
is usually advisable to keep the lo^s in pressure in passing through the heaters down 
to 50* '( of the total pressure or less. Therefore tor various pressures and various 
numbers of sect inns, the figures given in the previous table and based on 50' 
pressure loss should not be exceeded. 



Heater Connection 

Care should be taken to have the connection between the tan and tin- heater 
ca>e of such a character that it will not restrict the flow of air <>r offer unnecessary 
resistance. This precaution is frequently overlooked, cither throwing excessive 

pressure on the fan, or cutting down the quantity <»!' air handled. 

Tin" following table gives the approximate lengths of connections advised for 
draw through installations. 

Length of Heater Connection- For Draw Through Equipment 



■ 
PI .1 

Up to 70' 

70" ion" 

100" ISO" 
\M\" 170" 



170' 2(Mi 



•' 



Mia i Eid rurbo i i n iid l1 

Up to No. 7 
No. 7 No. to 

No. 10 No. 1 > 
No. 13 No. 17 
No. 17 No. 2o 



18* to 21" 

24* to JO" 
$6* 

Al- 
ls' to ; i 



Rate of Condensation 

The effect of air velocity and temperature upon the rate ol condensation is 
shown very nicely by the graphical repp sentation of an actual test, on page <2. 
It will be noted that the- rate of transmission decreases with the increase in the 
temperature of the air in passing through successive sections oi the heater but 
increases very rapidly with the increase in air velocity. 



Heater Size 

The next step i- the determination of the amount of heating surface or the 
number of heater sections required.^ 

A most convenient method has been devised 1<; our engineers. By means 
ol the curves on page 73 thr size of Buffalo H rater can be very readily determined. 
The use of these curves may best In- illustrated by an actual application. 

Assume:— Steam pressure on the coils to be 40 pounds, the air to enter 
2o ]■-. . m ,| leave at 130^ F. and pass through the heater with a velocity of 1000 
f.tt per minute. 
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From the small curve we see thai steam at 40 pound gauge pressure has a 
temperature of 287° F. 

The difference between the temperature of the air entering and the steam will 
then be 267° and the difference between the air leaving and the steam will be 157°. 

Taking the first difference, 267°, and following the line over to the 1000 
vel. curve and then down we find 2.55 heater sections. Following the same pro- 
cedure for the second difference, 157°, we obtain 7. 51 sections. The difference 
between these two results will give the number of sections required which in the 
i ase in h. Mid is fi\ e. 



AIR VELOCITY 



l.OOO 
THROUGH CLEAR AREA O* HEATER 




l.SOO FEET PER MINU 
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280 



26-0 



240 



220 



200 



ieo 



160 



UO 



120 



100 



eo 



eo 



40 







NUMBER 



E 




OF ^EAT^R. S^ECTI 



DN5 



10 



1-1 



13 



-1-4. 



-is 



-ie 



-it 



Condensation in Heater Coils 

Having determined tin- amount of air passing through tin- heaters and the 
temperature use of this air the- amount of steam condensed per hour can It readily 
calculated by raising the following formula: 

aX(t 2 1,1 x ou 



C = 



55.2 x I 



When 

a = cubic feet or air per minute. 

t, = temperature <>f air entering coils. 

t 2 = temperature of air leaving coils. 

I = latent heat of steam. 

55.2 = cubic feet of air raise I 1° F. by 1 B.t.u. 

Determination of Guarantees 

The case often arises that a guarantee to heal a building to a certain specified 
temperature must In- demonstrated at a much higher outside temperature than 
called for in the guarantee. It then becomes important to know the exact relation 
between increase in inside temperature when apparatus is operated to its lull 
capacity. This relation has been published for heating with direct radiation, but 
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it varies considerably from the results obtained with the fan system. Naturally 
the rise in the indoor temperature will be less than the rise in outdoor temperature 
owing to the fact that the condensing capacity of the apparatus decreases with the 
temperature. With a fan system heater the condensing capacity has been shown 
to be directly proportional to the difference in temperature between steam and air, 
while with direct radiation it is not directly proportional owing to the variation 
in convection currents. The same relation between indoor and outdoor temper- 
ature may be shown to hold true whether the system was designed to take the air 
from outdoors entirely or to recirculate air within the building. The formula 
expressing the relation between indoor and outdoor temperature in either case is, 

= T/(T,— TJ + T a (T, — T,Q 

T.-TY 

T r = Temperature of building obtained with outside temperature TV 

T, = Any outside temperature at which test is made. 

T/ = Temperature of building guaranteed. 

T/ = Specified outside temperature. 

T s = Temperature of steam at pressure specified. 

The table following shows corresponding indoor temperatures for various 
outdoor temperatures with guarantees at 60° to 95° in zero weather. 

Table of Average Indoor Temperatures 

M UNTAINED \T VARIOUS 013 [DOOR TEMPERATURES WITH ■"> LBS. STEAM PRESSURE 



Outdoor 
Temp 








Werage [ndooi 


mperaturea 








-20 


15 2 


;,() 8 


56 1 


61.6 


67.1 


72 r, 


77.9 


83.4 


-15 


4s 9 


54 


59 7 


64 9 


70 


i.) .0 


80.9 


87. 3 


-10 


52 9 


57 9 


1 


68 3 




78.7 


86.0 


so _' 


-5 


i :; 


61.4 


66 5 


71.6 


70.8 


81.9 


87.0 


92.1 





60° 


03° 


70° 


75 


80° 


85° 


90° 


95° 


5 


63 7 


68 6 


73 5 


7s 4 


83 J 


88.1 


93.0 


97.9 


10 


67 \ 


72.1 


76 9 


SI 7 


86 5 


91.3 


96.0 


100.8 


15 


71 


75.7 


s. ) . 3 


85 1 


89 7 


94.4 


99.1 


103 7 


20 


71 7 


79.3 


S3 9 


88 4 


92 9 


97.5 


102.1 


106.6 


25 


7^ 


82 9 


87 3 


01 8 


96 _' 


100 7 


105 . 1 


109.fi 


30 


Sj 1 


.so | 


90 8 


94.1 


99 4 


103 8 


108.1 


112.4 




85 8 


90 


94 :; 


97 5 


102.6 


106.9 " 


111. 2 


115.3 


40 


89 ! 


93 6 


97 7 


101 8 


105.9 


110.0 


114.2 


lis 2 


c> 


93 1 


97 . 1 


101 2 


105 4 


109 1 


113.2 


117.2 


121. 1 


50 


96 8 


100.7 


104.7 


Ids 5 


112 4 


no 3 


120.2 


12 4 




lint 5 


104.3 


1 08 . 1 


111 9 


1 15 6 


119.4 


123.3 


126.9 


60 


104 _' 


107 B 


111.6 


115 2 


lis s 


122.6 


126.3 


129.8 


65 


107 8 


111 1 


115.0 


lis 6 


122.1 


125 7 


129 


132.7 


70 


111 5 


115 


118.5 


121 9 


125.3 


128.8 


132.4 


135.6 



Specimen Problem 

To heal a machine shop to 60° F. when 0° outside using all return air from the 
building. One complete air change every 30 minutes, 20 pound steam pressure at 
the heaters. 

Data 

Tin- building consists of three bays 35 feet wide, 245 feet long and 35 feet high 
each Lay having a saw tooth root with a pitch of eight feet in the width of the 



Pate 
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bay. The floor is of cement with wood above, the walls of brick 17»_> inches thick 

with 20'/ of ill- wall ana single thickness glass and the root" of paper, tar and 
gravel laid on two-inch plank-. 

Solution 
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intents ■ 
Infill ion, one air i hange per hour = 

I i perl # - 1n °/;"= 18 

rotal HI I per V difl • 

Total B.I l loss pei m.ur = 4o. 
Add 15* I margin 

B.T l pei mi.u.tr - U 






\ir required per minut< 
ii ,1 t. in tin.- ol .nr lea , j , i • i 

Assume .i velocity ol 1200 ft. per n h tl <»t the heati 

this will require a heatei \ ing 

; \ ; _>7 

1200 

From tin table on pag< 96 w - ' 

having 27.2 sq. I VI " 

The tn -t si m \\ ill give a > • 

\.2M\ It per minute, 

2 1 .2 

which is i lose enough to the original assumptioi 200 • pei minut 

Turning to the table on p 99 we find thai with air " ' 

N( , tN of 1200 it. per minute ti h th< 

heater will raise the temperature of th > 143 I will 

due to the ai tual \ tj thi the h< I2J0 

minut< 

L i n- assume the stati< i ol th 

, h,. a fan to meet our requirments 

Fromtl 
w ill \.P.M 151 R.P.M. I'x i 

or a 11 ' 

Dins ovei rating , . 

.,t R I' \l rum 



I ., in t.il.l. 
.n 621 K P \1 runni 
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Buffalo "Baby Conoidal" Fans 



Number 

of 

Fan 


DIMENSIONS 


Revolutions 
per 

Minute 


Air PRESS1 RE 




FREE DELIVERY 


Diameter <>f 
Wheel 

Inches 


Diameter Diameter 
of Inlet of 1 tatlet 
(Outside) (Outeidi 
Inches Inches 


P ,,r Static 
.Minute 

I ml,. - 

Cubi<- Peel Water 


Total 

Inehi a 


111 

Power 

0.012 


Air pet 

Minute 
Cutm Peel 


1 1 1 »rse 
Power 


i 


4 


4 3 1740 


80 0.17 


0.43 


1 35 


030 


2 


4*4 

l'> 7 K 

13^ 


o' 2 


4 


1140 88 17 
1740 135 40 


0.25 009 150 025 

() iiO 030 230 0.073 


3 


7% 


5 3 4 


1140 
1740 


260 0.38 

400 0.88 


,14 0.050 150 0.120 

1 25 ISO 000 440 


4 


8H 


870 

1140 
1440 
1740 


700 0.50 

•il5 n 86 

1155 1.37 

1400 2 00 


0.72 14 
1.23 o 31 
1.96 l 
2 S6 1 10 


1200 
1575 

2000 

2400 

1^70 
2350 

3050 
3880 


34 

0.75 

1.50 
2.65 


5 


ifU 


690 

S70 
1140 
1440 


1080 0.49 

1360 (i 7s 
17s.") i 35 

2255 2 1 5 


0.71 22 
1.13 O 41 
1.94 0.90 

3. os i 81 


0.53 
1.00 
2 16 
4 35 


6 


l.vS 


17', 


Rectangle 

1 1 Vs 

12* s 


690 
870 

1140 
1440 


is:,:. (. 71 

2340 1 13 
3065 1 "i 
3s75 3 10 


0.98 

1 50 

2 67 

4 J 5 


51 3260 

1 oo 4075 

2 20 5335 
4 55 6740 


1.21 

2 30 

5 43 

11.00 



30 

18 
54 

LI, 
^1 

ins 

111 

168 

ISO 



Capacities of Buffalo Steel Plate Cone Wheels 

I'ndcr Average Working Conditions at 7n I . and 29.92" Barometer. 



. 1 ' '» - 

r. r - - - 
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17 
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.-.7 
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1 1 (5 

1. 
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i .v. i 
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1 1 85 

17 
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0.1 
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1 23 

mo 

MS 

82 
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330 
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! i 21 » > 

1 1 . 1 51 » 
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ll P R I'M. 
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1.13 
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2 < 12 
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, I.,, i 
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3 14 
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13,000 


.; 83 
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16,250 


1 54 
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22,100 


6.19 


L99 


28,800 
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.000 


10 2 


154 
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I2.fi 


L38 


oi R50 


18.1 


Hi, 
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24.8 
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2s 4 


93 1 



3,250 
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Static Pi 
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• >■> ii 

_ _ • ■ 
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Buffalo Disc Wheels (Type I) 
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Capacities of Buffalo Planoidal Steel Plate Blowers (Type L) Under 

Average Working Conditions 

F. 29.92 I E.i r.. in. i. I 



7(1 






120 



I tianx Uji 

■ i 

Blast 

Wheel 



\i ■ 

I til T 



Static Pre sure 
= 288 < turn 



\ olume 

S|ii;irr I M - CubiC I ' 

pel Mm 



l.llJCJ 
1,570 
2,065 

2 BOO 

i.< 

6,32(1 

B.230 

10,410 

S80 

18,530 
21.1 

25,200 

950 
32,800 
37,150 

too 

51,500 




il 1 





1] 
M 

52 


^ ' 4 

1 25 
1 M 

.'■ 
2 

10 

4 

5 02 

'. 78 

6 7 

7 

- 

24 
1025 




-" Static Pressure 

i 154 i '-if,. . h 
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oi 
l tutlel 

\ alums 

Square J i R -J' M I ubi. i 



3,1 10 

5,210 

'..Hli 
7,780 

•60 



9fl 

1 1 
i j. 



28 

I 15 

"i i .", 
6 19 

1 

10.02 
13 12 



20,* k 

i 30 20 1V 
31,100 24.80 



14.85 

17 20 

10 70 

22 

28 50 



313 
290 

270 
2H 



05.7(H) 
71, 

'"in 



i ".il 

10 

16 in 
52 I 

IM 

Hi 
*2l 



5-4* Stalii Pi 
- 0.433 (Mil 



\ olume 
RPM Cubic Fl 

pei Mm, 



710 

152 
115 
315 

248 

207 

177 
[fl | 

1 16 
138 

181 

125 



J 1 /' Static Pressure 

= l 142 I 'in,,. 



ir I '" -inure 
= l) .".77 ( iiniccs 



I !j Static Pressure 

*II.HI)5()ll 



[,420 


0.42 


g ,s 


1,925 


o 58 


820 


10 


7.". 


718 


3,185 


0.96 


sag 


10 


l 18 




4,765 


i.u 


22 



."..'.7". 

7,730 

10,080 

12,750 
15,750 
10,100 

22.700 
20,450 

.'i K50 



1.7n 
3.02 

:■; 82 

1 71 

8 78 
U 24 
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R-P M Cubic It H.P. 
pei Miit 
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I. 1 S2 

>O0 2 i!» 

.50 2.61 

;t 55 

11,6 IQ \ i 



\ olume 

l: '" M I ubi i I 

pc-r Mm. 
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:v 3i iti c Pressure 
= 2.019 ounces 
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pei Mm 
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1.15 i 
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Size 



3 

3! j 
4 

5 

6 

7 
8 

9 

10 
11 

12 

13 
14 

15 
16 
17 

18 
19 

20 



Capacities of Buffalo Niagara Conoidal Fans— (Type N) Under 

Average Working Conditions 



70 : F and 29.92' Barometer 



Size 



a 

4 
4", 

5 
6 

7 
8 

g 

in 

ii 

12 
13 

14 

15 
16 

17 

18 
19 
20 



Diam- 
of 
Blast 
Wheel 

Inches 



20 j , 

23 <• 
2« i ' s 

36 H 

42 

47 
52 
58 

63 

6K 

73 

78 

84 
89 

94 
N 

105 



A rea 

of 
Outlet 



Square Ft. 



1 . ' Static Pressure 
= 0.2SS Ounces 



R.P.M 



Diameter 

Blaal 



1.31 

1.79 
2 33 

2.95 
3,64 

4.41 

5.23 

7.14 
9.33 

11.81 
14.58 

17.04 

21.00 
24.65 
28.68 

si) 

37.32 
42.14 

42.24 
52.63 

58 32 



Area 
ol 

Outlet 



Inch, - Square Ft. 



18VS 
20 I 

WA 

26 ! i 

81« 

36H 

42 

47 
52 

5* 

63 

73 

7s 
84 
sy 

94 

■ ,.. 

105 



1.81 

1.7U 
2 33 

2.95 
3.64 

4.41 

5.25 
7.14 
9.33 

11-81 
14,58 
17.64 

21.00 
24.65 
28 l 

32.80 
37.32 

12 14 

a w 

52 I".:* 
58 
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465 

it is 

362 
326 

296 

272 
233 
204 

1M 
103 
148 

136 

125 

110 
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102 

96 

91 

SH 
62 



Volume 

Cubic It. 
per Min. 



L f 945 
2,642 
3,459 

4,375 
5 f 400 
6,540 

7,780 
10,51 
13,820 

17,500 
21,600 
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31, KM) 
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42,350 

48,550 
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TV 

^,.»5n 



H.P 



0.28 
0.38 
0.50 

0.63 
0.77 
0.94 
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1.98 

2.51 
3.09 

3.74 

4.15 
5.22 

6 00 

6.95 

7 91 
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10.01 
11.15 
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2" Static Pressure 
= 1.154 ( Ounces 



\ oluxne 

Et.P M. Cubic Ft. 

per Miu. 



[088 
934 
817 

726 

595 

545 
168 
400 

364 
127 

2'. * 7 

272 
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2 21 

a oi 

93 

4 07 
6.15 

743 
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S atic Pressure 

= 0.433 Ounces 



1" Static Pn ssure 
= o 577 i Ounces 



1 1 _. Si n ic Pressure 

= ii si.", i dim. - 
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R.P.M. Cubic |., 

i ■• t Miu. 
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Capacities of Buffalo Turbo Conoidal Fans (Type T) Under 

Average Working Conditions 
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Carrier Type "A" Air Washer with Humidity Control 
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Carrier Type "A" Air Washer 

Dimensions and Capacities 
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Carrier Type "A" Air Washer 
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W 


476 

520 
564 
608 


174.3 
189.3 

_•( )4 . 8 
219.8 


507 
550 
595 
638 


14.1 

15 4 
16.6 
17.7 


1182 
1262 

1325 
1407 


104 


6' 
4 Row 

7' 
4 Row 


IE 
2E 

l. 
4E 


7-1" 

7'-K) 

s'_4" 

s-10" 


w 


674 245.0 

726 262.9 
778 280.8 
830 298.7 


712 

763 
816 
868 


19.8 
21.3 
22.7 
24.2 


1505 
1600 

1695 
1770 


128 


1G 

2<; 

3G 

4(i 

5G 

6G 


r-r 

7 '-10" 

8'-4" 8 V 

s'-io" 

9'-10* 


796 
860 
924 

98s 
1 052 
lilt. 


291.0 845 
313.2 910 
335.2 074 
357.2 1037 
379 . 2 1 101 
401.2 1163 


23.6 
25.4 
27 . 2 
29.0 
30.7 
32.5 


1845 
1950 
2055 
2160 
22S0 
2380 



All Buffalo Standard Heaters are regularly furnished in the return bend pattern. The open area pattern is 
furnished on special orderonlv. 

Note All heaters furnished in return bend pattern unless otherwise specified. 
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Friction of Air Through Buffalo Heaters 

Air Measured at 70° F. and 29.92" Barometer. 
Loss of Air Pressure in Inches of Water per Square Inch. 
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0.069 


0.104 
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0.12 
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0.232 
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«' 
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0.77,0 0.936 
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1 7,00 


1 .-)• N 1 


o _' I 5 


i« i:;i 
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0.861 l '177 


1.29 


1.508 
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00 
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0.277 
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n:.;.-. 
0.831 


0.980 1.226 
1.110 1.387 


1.471 

1.664 


1.716 

1.040 


1.961 
2.218 

2 180 


1800 


0.310 


, 0.620 


0.930 


1240 1.550 


1.860 


2 107 
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Final Temperatures and Condensations 

Buffalo Standard Heater 
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Fan System of Heating, Ventilating and Humidifying 
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Final Temperatures and Condensations 

Buffalo Standard Heater 



5 Lbs 



5 lbs. Steam Pressure 
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Velocity uf Air in Feet per Min 
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Ian System of Heatinc Ventilating and Humidifying 



Final Temperatures and Condensations 



Buffalo Standard Heater 



20 lbs. Slcam Pressure 
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Fan System of Heating. Ventilating and Humidifying 



Niagara Conoidal Fans 

With Proper Combinations of Heaters and Engines for Public Buildings 

and Industrial Installations 
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With Proper Combinations of Heaters and Engines for Public Buildings 

and Industrial Installations 



u 

5 

- 
eg 



( l,! " r F< *' r "' Tl - I 111. 

Airper Minute Buffalo Standard Heater 



.2 g 



kcu 



i 



— 

I ISO 6 270 



Sire 



^ ■- - 
a - 

- : 
a — — 

±1 



sine 



li 

■ 



Single :i'n'\.rr 



>'_■ 



: " 7,950 Single 



kS'IC 



j t 



6 

6 B 

7 B 



- 






6.950 



"•', 



8,400 



Sitkgli 3'0*x4'10' 

I'O 



«■ 



11,880 Single 3'0*x5'10* 

l'0*x5'4" 

. in 

l'0*x6'4" 



6 8 
7.6 
8 4 
9,7 



8 I 

9.7 

10.7 

i l 2 



10,000 14,120 Single r.rx.vi" 

t'0*x5'10* 
l'0*x6'4* 

iii'M/iir 
n.v.viu" 
i'o'xe'4* 



11.750 It. I 



n.Mu i 






inn 



Single ! r 

ii o 

l'6*x5'10 
l'G 

i 

0*x6'l 

; r 



Singl. i 

i 

; i ■ 
3 



Sir, 

v7T 
i 



H 



7(i 



S 7 
[0.7 
] I 2 
12 6 

12 1 

13 1 



] I 2 
12.6 

13.1 

I I 2 

! M 
15.4 
IG n 



13.1 

i I 2 
1 

III 
15 J 

17.7 



17 7 
19 v 

2i a 



17 7 
21 ; 
J i 2 



I 



.") \ ."> 



5 n 5 . V 






5x5A 

* ! I 



s\«l 



3x5 \ 



5x5 \ 



10x8 SA 

5j^x7] 









6 \ 
v7F 



l»lxs 



6x1 
7.' .x7! 



u 



c 

- 



l p!r Mi^Ste Buffal ° Standard Beater 



- — 



— 



HI... 



20,100 



28.400 



'■' 500 31,800 



10 



_'7. son 



11 1,700 17,450 



i 
- 

h 



Size 



Single <i'o"\7'-r 
6'0 -7 i.i 

6'0*x8'4* 
ti - 10" 
7'0*Kr4* 

i o trio" 

7'0 K 8 I 

B tcl I1W4" 

To rn\.VM 

ck l'0*x6'4* 

ru'Mi'id" 

i 6' ,..'i" 

te'io* 



. 10* 
6'0*x8 i 

7'<)"\7T 

7'0*x7 10 
7'o*x8'4' 

7'O'vN'lO* 
7'0*x0'4* 

Back ii'x.viii" 

i l'0*x6'4* 

4'oMi'nr 

IV\,;'r 

ro'xe'io" 

i «6'4* 






Single 7 n. 

7'0*x8'10 

7 

i i r 
Back YWxW\ 
*x7'4' 
r 

in" 
■VI r 

v7.nr 






ck 

i 
• ck 



Vo"x7T 
rf'10* 

x7'-T 

I 

■re 



- 

-- — 

• - 

v 



19.8 

21 3 
22.7 
24.2 
23.6 

27 2 

l ' * l 
21.4 

22 I 
25.2 

-'i 2 

28.4 



-M 3 
22.7 
.'I 2 

23. 6 
25. 1 
27.2 
29 

30. 7 
21.4 

24 2 

28. 1 

30.6 

28 _' 



2g o 
26 2 

30.6 

28 2 

35 » 



39.6 

12 8 

\S i 



Enttiiii- 



CI 

u 

3 

s 



10x8 



U r. 

■ - , 

= t 

-- 



6xOA 
5^x71 
7x7A 



12x8 



7x7A 

<;i,xKI 

tixltl.V 



15x8 



7x7 \ 
OJ^xSI 
ION 






sxsa 
7' 1x61 

r.xioN 




Page 108 



♦ • 







Fan System of Heating, Ventilating and Humidifying 
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Weight per Lineal Foot for Galvanized Iron Pipes 
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Carrying Capacity of Pipes 

Tin.- table specifies the diameters of pipes required for the passage of stated volumes of air at gives] velocil ies. 
The column , * Cubic feel of air per minute/ 1 indicates various quantities <>f air to be moved per minute. The figures 
at top of table give the velocities in IYh per imnutr :ii which the air is to be moved, and the figures in the body 
of the table st ntr xhv rr(|uired diameters of pipes for the passage of the volumes mentioned at the given velocities. 
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